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INTRODUCING LIBRASCOPE’S ELECTRONIC DIGILOG*-1011 
FOR VOLTAGE-TO-DIGITAL/ DIGITAL-TO-VOLTAGE CONVERSIONS 


Use it as a precision input unit with computers, data loggers, storage units and other instrumentation. Use 
it wherever conversions must be fast and accurate. For the DIGILOG-1011 performs up to 5,000 voltage- 
to-digital conversions per second, 100,000 digital-to-voltage per second. Digital output is 10 bits plus sign 
in binary and octal code, and may be serial or parallel. DIGILOG-1011’s low-density component packaging 
results in solid-state circuitry offering exceptional reliability and life expectancy, and low initial cost. 
DIGILOG-1011 accepts inputs in these full-scale ranges: +1.023v, +10.23v, +102.3v. Accuracy is +0.03% 
+4 bit, and stability is +0.03%. Input resolution: 1 mv minimum. For technical details on the DIGILOG-1011, 
write or call Librascope today. 


* 
RADEMARK, GENERAL PRECISION, INC, 


@® CGENERAL 
PRECISION 


LIBRASCOPE DIVISION GENERAL PRECISION INC. GLENDALE 1, CALIFORNIA 
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TO KEEP | 
YOUR 
BRAINCHILD 
SPANKING CLEAN 


A spaceman’s helmet can keep a boy’s face clean for a while, but the protection is far from per- 
manent. A new Barden development, however—Flexeal—positively seals precision bearings against 
dirt while retaining needed lubricant, thus greatly increasing the reliability of high-speed motors, 
generators, computer memory drums and other equipment. 


SEALED PRECISION BEARINGS 


Barden’s new Flexeal meets the demand for a 
low-friction seal that can stand up at high speeds in 
contaminated environments. Flexeal bearings are 
precision bearings with a seal of fiber-aluminum 
laminate that fits smoothly against a ground surface 
on the inner ring. The design effectively seals in 
lubricant, seals out contaminants and prevents 
airflow through the bearing. Friction is negligible 
and the bearing may be run up to the life 

limit imposed by the lubricant. 


TEST RESULTS 





S Sectional views of Flexeal precision . 
bearing show how fiber-aluminum lam- Barden Flexeal bearings have been operated 
inate seals against ground surface of up to 3,000 hours at 80,000 rpm in portable 
| inner ring to effectively block out dirt grinders. Flexeal stands up under lineal speeds 
ie and retain bearing lubricant. 


of 6,000 feet per minute, as against 2,000 to 3,000 fpm 

















: limits of most other rubbing seals. Operating 

a Fiber Aluminum temperatures range up to 300°F. 

g 

. AVAILABLE NOW 

Jo Flexeal bearings are now available in ten unflanged 

‘ and four flanged sizes from .3125” to 1.8504” O.D. 

i For further data, ask for Flexeal Data Sheet F-1. 
Barden is a major producer of precision ball bearings for instruments, weapon systems, computers and other high quality equipment. 

- for reliability... specify 

4 THE BARDEN CORPORATION, 206 Park Ave., Danbury, Conn. Ploneer 3-9201 


Western Office: 3850 Wilshire Bivd., Los Angeles 5, Calif. OUnkirk S-O034 
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both 


Contact AND tooling designed 





and produced by Burndy 

.-. to achieve optimum performance 
and uniformity... 

by the one organization 

that devotes all 

its creative engineering talent 

to this vital objective 

and assumes 


total responsibility 


for the results. 





—for thirty-seven years, the leader in solderless conn 
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Oscilloscope tracks valve action from 0 to full flow at 150 psi 


Twelve milliseconds is the time required to energize the solenoid coil, actuate the 
pilot valve, and bring the main poppet of a “Mach 2” air valve into fully open posi- 
tion at 150 psi. To record the instant response that eliminates lag in air-automated 
operations, a Crescent® “Mach 2” 4-way air valve was tested by the American 
Laboratory, Los Angeles, California. A camera located over the oscilloscope screen 
(Fig. 1) photographed the response action. Tests were made with a 12 volt DC 
coil in the de-energized position, poppet No. 1 in the closed position, and a system 
pressure of 150 psi. The graph (Fig. 2) was drawn from a photograph of the oscillo- 
scope screen. The curved line in the lower section of the graph indicates the time 
required to energize the coil and actuate the pilot valve. The heavier line, above, 
is the oscilloscopée’s registration of the increase in pressure as poppet No. 1 moved 
from closed position to full open position where 150 psi line pressure was reached. 
Total elapsed time is 12 milliseconds. 


FULL FLOW AT 150 PSI 


(PS! AIR PRESSURE) 


ee ee Seneca 


a: MAIN POPPET OPENS 


| 


-—____|— time taken to energize 
coil and actuate pilot valve | 


10 15 
TIME IN MILLISECONDS) 
(Fig. 2) 


Corresponding results on AC current 
Tests were run, also, on AC voltages and 
identical fast response was registered 
when coil actuation began at the positive 
peak of the AC sine wave. As indicated 
in Fig. 3, a wave length of AC current 
is approximately 16 milliseconds in du- 
ration. A coil will not energize until volt- 
age has reached approximately 85% of 


seconds if the peak of the sine wave is 
not caught. Thus, the response time of a 
“Mach 2” air valve on AC voltage is 
from 12 to 24 milliseconds. This fast ac- 
tion is positive assurance against lag in 
operations where instant response is im- 
perative — sorting, counting, discarding 
sub-weight containers, spot welding, etc. 





capacity. The energized period represents 
15% of the sine wave or 4 milliseconds. 
Therefore, additional milliseconds will 
be added to response time up to 12 milli- 
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High speed PLUS dependability 


The fast response of “Mach 2” air valves 
is attributable to original design advances 
that also dramatically improve endur- 
ance. These new air valves are rated at 
1000 cpm continuous duty, and cycling 
speeds to 2100 cpm have been main- 
tained for intermittent periods of 20 min- 
utes. Control of coil heating and drastic 
reduction of friction in the solenoid and 
pilot valve sections are essential for this 
kind of performance. The extremely 
short stroke of the “Mach 2” solenoid 
plunger (3/32” — approximately the 
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‘Mach 2’ Air Valve Gives 12 Millisecond Response 





(Fig. 1) 
thickness of a nickel) fractions the time 
the coil is energized; heat generation 
drops and response is stepped up. Coil 
life is guaranteed for a minimum of 100 
million cycles. 

Friction drastically reduced 


In the pilot valve, a tiny ball seats on 
“OQ” rings at both ends of a pilot car- 
tridge. The ball moves freely, indepen- 
dent of the seals. There is no “O” ring 
drag on the pilot plunger because it re- 
quires no seals; where there is no friction 
there can be no wear. The main valve 
seats seal on “O” rings, and metal shoul- 
ders take the shock 
in such a way that the 
**O”’ ring seal is 
merely kissed by the 
seat in the sealed posi- 
tion. As the rings are 
only minutely flexed, 
they do not fatigue or 
lose their resilience. 





PILOT CARTRIDGE 
Write for your “Mach 2” catalo 
y q 


The 12 millisecond response and long 
service life of “Mach 2” pilot operated 
air valves are sound recommendations 
for the installation of thes field proven 
units. They are available aa to %4” 
pipe sizes. For your “ 2” catalog 
write to Barksdale Valves, 512 coa 
Avenue; Angeles 58, California 













‘Mach 2"' 4-Way Valve 
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Here you see, at about four- 
fifths actual size, A. P. |.’s 
hew and handily compact tem- 
perature control, the Model 
450 Temp-Tendor. It’s a natu- 
ral for “built-in” jobs. Measur- 
ing just 4” x 44%” x 514” 
overall, it’s as easy to mount 
as a panel meter, requires no 
more than a meter-sized panel 
space. And it goes for a re- 
markably low OEM price. © For 
your money you get: a time- 
proportioning control capable 
of maintaining temperature to 
within -+1°F, of set-point, 
with built-in t/c length com- 
pensation adjustment, t/c 


A 
NEW, 


SMALLER 


TEMP. 


CONTROL 


PRICED 


FOR THE 


OEM 


300 
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break protection, fail-safe cir- 
cuitry, instantly adjustable set- 
point, and a number of other, 
features usually found only in) 
instruments many times Temp- 
Tendor's modest size and cost. 
Available in eight standard 
ranges, from 0-300°F to 0- 
2500°F. Our Data Sheet No. 
24 will give you detailed spec- 
ifications. Drop us a line, and 
we'll put a copy in the mail. 





ASSEMBLY PRODUCTS INC. 
CHESTERLAND 79, OHIO 














ALITE: nicn-acumina he 


HERMETIC SEALS AND BUSHINGS| 5 


Combis... 


+ VACUUM-TIGHTNESS 


¢ SUPERIOR 
MECHANICAL STRENGTH 


¢ HIGH TEMPERATURE AND 
HEAT-SHOCK RESISTANCE 


e RELIABLE ELECTRICAL 
CHARACTERISTICS 




















¢ HIGH RESISTANCE TO - 
NUCLEAR RADIATION 
n 


¢ PRECISION TOLERANCES 







Transformer bushings (both high and low voltage) 
. . . underground cable insulators . . . power cable 
end seals . . . switchgear contact insulators — these 
are just a few of the places where Alite is solving 
reliability and maintenance problems for the 
electrical industry. 


With maximum working temperatures in the 
range 1300°-1600°C., Alite can be metallized and 
brazed to metal parts to form rugged, q 
vacuum-tight seals which, in turn, can be welded 

into final assemblies. 


From design to finished part, every manufacturing 
step — including formulating, firing, metallizing and 
testing — is handled within our own plant and 
carefully supervised to assure strict adherence to 
specifications, utmost uniformity and reliability. 


* * * * 


The Alite parts and products listed at the beginning 
of this advertisement are typical of the special design 










Write for FREE Helpful Bulletins problems on which Alite engineers stand ready to 
Bulletin A-7R provides de- help. In addition, over 100 standard sizes of Alite 
selied Gomntiption case agents. bushings in a range of types are also available to 
cations of Alite. Bulletin A-40 : a ‘ ‘ 
deseiiens Mie Galiities ond simplify design problems, speed delivery. 


complete line of standard 
bushings. 






ALITE 
DIVISION 







New York Office 
BOX 119 ORRVILLE, OHIO 60 East 42nd St. 
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HOUSE OF DIGITS... 


LITTON DIGITAL COMPUTER COMPONENTS 


Operational airborne general pur- 
pose digital attack navigation 
computer system. One of many 
systems through which Litton 
computer components have been 
developed. 


























Magnetic Drums. Nickel cobalt 
storage medium and contact 
heads. Typical specifications: 
300 bits/inch, 500 millivolt out- 
puts, 100 milliampere P.P. re- 
cording currents. Suitable for 
severe environments. 


Magnetic Core Memories. High- 
speed. Random access. Linear 
selection. For airborne or other 
environments. State-of-art two- 
microsecond read-write cycle. 





Shaft Encoders. Miniaturized 
analog-to-digital converters. Ex- 
tremely small, light, rugged, reli- 
able. Low torque permits weight 
and volume savings in associated 


Test & Support Equipment. Clock 
track and drum fill recorders, 
shaft encoder tester, tape editor, 
card tester, servo tester, and 





servo components. Bace. 

Deci-Line Digital Readouts. Light- 

weight, small, high-speed, alpha- 

numeric, in-line. Digit displayed 

within .3 second. Serial and 

parallel. 
Direct inquiries to Marketing Department LITTON SYSTEMS INC 
Special Products, Litton Systems, Inc., Guid- : ‘ 
ance and Control Systems Division, 5500 GUIDANCE AND CONTROL SYSTEMS DIVISION 
Canoga Avenue, Woodland Hills, California. A Division of Litton Industries 
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Gyro spin motor shown partially disassembled, produced by Fafnir for B-58 Hustler Bombers 





FNIR precision bearings 


help steer the Hustler 


Instrument bearing problems? Fafnir has 
ball bearing engineers who specialize in 
solving them. But a leading instrument 
maker recently asked for help of a differ- 
ent order — production of complete gyro 
spin motors for the inertial guidance sys- 
tems of Convair B-58 Hustler bombers. 
By manufacturing the complete “pack- 
age’, Fafnir was able to produce motors 
that measured up to the precision stand- 
ards the customer had been seeking. 

An unusual assignment for a ball bear- 
ing manufacturer. But one that shows the 
engineering resources Fafnir has at its 
command. Worth bearing in mind when 
you have instrument or miniature ball 
bearing problems! The Fafnir Bearing 
Company, New Britain, Connecticut. 














@ FAFNIR 


BALL BEARINGS 
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It’s easy. DK Coaxial switches are available in scores 
of shapes, sizes, and functions from factory stock. RF 
Products’ new DK Coaxial switch catalog lists over 130 
variations of 16 basic coax switch designs, covering a 
proven 90% of all known applications. All the facts and 
figures on the industry’s most complete line of coaxial 
switches are at your finger tips. 

H You'll also find that these switches successfully com- 
bine ruggedness with the highest standards of precision: 





spring-leaf switching blades, gold-plated silver contacts 
and impedance matched connectors keep insertion loss 


and VSWR (1.3 @ 4,000 MCs) low, Crosstalk high (in 
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Now, you can save time and insure reliability... 


by specifying DK Coaxial switches in your design 


decibels down); electro-mechanically actuated models 
operate and release in 8 to 20 milliseconds, depending 
on type and function, with a proven mechanical life of 
1,000,000 cycles minimum when operated under 10 cps. 

And, don’t forget that RF Products, pioneers in the 
development of the coaxial switch, will continue to offer 
you design and engineering services whenever you need 
them. Whether you order a switch from the catalog or a 
switch designed to meet your exact specifications, you 
can be assured of the same high quality and service. 

For details on our new line of standard switches, 
write for catalog DK 61. 


r= PRODUcTs | O02 aD 


DIVISION OF AMPHENOL-BORG ELECTRONICS CORPORATION e 33 EAST FRANKLIN ST., DANBURY, CONN. 
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Reliability for Industry - Aircraft - Space Vehicles Cannon's full line of vibration-proof plugs are engineered 
to meet the most stringent demands of industry, missiles, and aircraft. If you have a problem in vibration, let us 











provide the answer. From umbilical plugs to the most versatile subminiatures... 





for any ground or airborne use, Cannon vibration-proof plugs surpass what is 
expected of them. Another reason why you should always consult the first name CAN | 0 u 
in plugs...why you should consult Cannon for all your plug requirements. For 
information on these or other Cannon products write to: PLI t c 


CANNON ELECTRIC COMPANY, 3208 Humboldt St., Los Angeles 31, Calif. 
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SPECIFICATIONS — SERIES 59M14, 
10-TURN POTENTIOMETERS 


performance | 
ro) Galea amaniel 


somone’ — SCLAROSTAT 


DETAILS CLAROSTAT MANUFACTURING CO.., 
DOVER, NEW HAMPSHIRE 
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SEMICONDUCTOR PHOTOSWITCH 


PNPN Switch Performs Dual Role of Light Sensing and Load Actuating 





a 
° 
5 


2870° K LIGHT SOURCE 


COLOR TEMPERATURE 





g “ 
é 3 
¥ 

» 

2 

Pe : 

6 








, 
° 
oS 





V4 é ae 
Ph ss 
Pd 


"4 





IGHT INTENSITY REQUIRED FOR TRIGGERING, FOOT-CANDLES 
> 
=) 


4 


20 30 40 50 60 


























NEGATIVE GATE CURRENT, MICRO-AMPS 


Fig 1 Light intensity required to trigger 
the photoswitch can be set electrically 
by changing the gate bias current. 





PULSE 
Cc, OUTPUT 


- 


Fig 2a Negative pulse output. 





Fig 2b Positive pulse output. 
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Relays, mechanical switches, ampli- 
fiers, thyratrons and related compo- 
nents can now be eliminated in design 
of many types of control systems by 
use of a new photocell called Photran, 
to achieve less complex, smaller and 
more reliable equipment. The new 
device, manufactured by Solid State 
Products, Inc. of Salem, Mass., can be 
characterized as a bistable photo- 
switch with many properties similar 
to those of a gas thyratron. Its output 
is determined primarily by the load 
and is independent of light input at 
all intensities above the triggering 
level. 

Essentially a PNPN switch triggered 
by light energy instead of (or in addi- 
tion to) electrical energy, it can often 
perform the dual role of light sensing 
and load actuating. Before light strikes 
the Photran it is in a high impedance 
(over 10 megohms) “off” state. When 
a light impulse is applied, it switches 
to a low impedance (under 10 ohms) 
“on” state and remains “on” until 
electrically turned “off”. The light 
energy used to trigger the device “on” 
need only be momentary since it is 
not required to sustain the device in 
the “on” state. 

Photran’s active element is 0.06 x 
0.06 inches and is solidly attached to 
its mounting base. The enclosure is a 
glass to metal hermetic seal to give 
permanent protection against all con- 
tamination. The unit meets the re- 
quirements of Mil-S-19500 B, and can 
be operated over the temperature 
range of —65 to +125°C. 


HIGH POWER OUTPUT 


Power dissipation rating of the Pho- 
tran is 0.25 watts at 25°C ambient and 
0.5 watts at 75°C case temperature. 
Its voltage drop when “on” is below 
1.5 volts at all current levels under 
300 mA. 

Load power delivered by the Pho- 
tran can be as high as 60 watts con- 
tinuous (200V — 300mA) at an effici- 
ency as high as 99 percent. Peak pulse 


current up to five amperes can be sup- 
plied in circuits which operate at 
sufficiently low duty cycles to stay 
within the average power rating of the 
device. Thus miniature size can be 
combined with high current—high 
power output for the first time in a 
photocell. 


FAST RESPONSE 


Time required to turn “on” the Pho- 
tran is directly related to the light 
intensity used for triggering. When 
the light intensity is at the minimum 
required level, the turn—on time is 
typically 10 microseconds. This time 
can be reduced to below 1 micro- 
second by a sufficient increase in light 
intensity. Turn-off time is primarily 
controlled by the recovery time of the 
device (typically 30 microseconds). 
In comparison to most other photo- 
cells, this response time is fast and 
permits the design of high speed con- 
trol circuits. 


BINARY MEMORY 


A property of the Photran which is 
perhaps most unique and _ intrigu- 
ing is its binary memory. Once light 
has triggered the device “on”, it will 
remain on indefinitely until electrical- 
ly turned “off” by reducing its anode 
current to zero. In effect, the device 
“remembers” that a light pulse exists. 
This property can be put to work in 
a variety of electro-optical control and 
logic systems designs. 


TRIGGERING 


Light intensity required to trigger the 
new photoswitch can be set electrical- 
ly by changing its gate bias current. 
Fig 1 shows this relationship. Note 
that a wide control range exists which 
allows very simple adjustment of the 
Photran circuitry to adapt to a wide 
variety of light sources. It also permits 
setting the threshold level for trigger- 
ing well above any undesired ambient 
illumination. 
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Fig 3a Simple control circuit using 
de source power. The Photran acts 
as a light actuated latching switch. 
When light strikes the Photran, 
power is applied to the load. The 
Photran continues to conduct when 
light has been removed. Load power 
is turned off by a reset switch or 
similar function. 
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Fig 3b Simple control circuit using 
an ac source provides half wave recti- 
fied de to the load when light is ap- 
plied and no output when light is 
removed. A diode, D,, is used when 
the load is inductive such as in a 
relay or solenoid coil. The diode 
eliminates inductive voltage build-up 
and, equally important, allows the 
energy stored in the inductance dur- 
ing the positive half cycle to be re- 
turned to the load during the nega- 
tive half cycle. The diode polarity 
is such as to allow the induced cur- 
rent to flow through the load in the 
same direction as during the positive 
half cycle. This free wheeling ac- 
tion provides a continuous de current 
through the load for both half cycles. 
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Fig 3c This circuit provides power 
to the load when no light is on the 
Photran, and removes load power 
when light is applied. 
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Fig 3d Gated bridge circuit provides 
full wave de to the load when light is 
applied. 
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Fig 3e Gated bridge circuit similar 
to 3d except here the output is full 
wave ac. 











This bias control property of the 
device allows simple electrical gating. 
By setting a high bias level, the unit 
can be made non-responsive to light, 
and by subsequently reducing the 
bias, it can be made to react normally. 
This permits many complex program- 
ming functions to be accomplished 
simply. 

The fact that electrical triggering 
can be used in addition to optical 
triggering makes possible an electrical- 
optical logic “or” gate. 

Sensitivity of the device is affected 
by the color temperature of the light 
source. The spectral response is 
similar to other silicon photo devices 
ranging from 0.4 to 1.1 microns. 
Maximum sensitivity is at approxi- 
mately 0.85 microns. 


PULSE GENERATOR APPLICATIONS 
In counting, sorting, timing, indexing 
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and programming systems, obtaining 
a discrete pulse output for each inter- 
ruption of light at the photocell input 
is often desired. The pulse generator 
circuits in Fig 2 provide a single pulse 
output each time a light beam has 
been removed and subsequently reap- 
plied to the cell. 

One mode of circuit operation is for 
light to be continuously on the cell. 
Under this condition the Photran con- 
ducts a small amount of current 
(under 100 yw) continuously through 
R, which prevents C, from charging. 
When the light is temporarily removed 
from the cell, it drops out of conduc- 
tion and C will charge to the supply 
voltage through R; When light is 
subsequently applied, the Photran is 
triggered on and_ discharges C, 
through R, and the load. 

An alternate mode of operation is 
by light impulse. In this case, light is 
normally not present on the cell and 























Fig 4a High power output circuit sup- 
plies full power when light is applied 
to the Photran. There is no output when 
light is removed. 








} 
LOAD | 











Fig 4b High power output circuit pro- 
vides power to the load when light is 
removed and no power when light is 
present. 


C, is fully charged. When a light im- 
pulse occurs, C, is discharged through 
R, and the load. C, recharges after 
the light impulse terminates. 

For either of these modes of opera- 
tion, the amplitude and width of the 
output pulse are set by circuit values 
and are independent of light inten- 
sity. 


SIMPLE CONTROL CIRCUITS 


The Photran can be operated from ac 
as well as de power sources. When ac 
is used, the unit will block during the 
positive half cycle when it has not 
been triggered by light, and will con- 
duct when it has been triggered by 
light. During the negative half cycle, 
the unit acts as a blocking diode re- 
gardless of whether light is on it or 
not. If the device has been conducting 
during a positive half cycle it will 
automatically drop out of conduction 
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during the negative half cycle and 
must be retriggered with light before 
| it will again conduct on another posi- 
| tive half cycle. 

The properties of the Photran make 
it frequently desirable to use ac in- 
stead of de source power. This often 
| eliminates the need for separate dc 
| power supplies and can greatly sim- 
| plify many control systems. Several 
_ simple control circuits are given in 
Fig 3. 








| LIGHT ACTUATED POWER CONTROL 


In many light actuated control sys- 
tems, relatively large amounts of 
| power to a load from photocell inputs 
| are required. In these cases a Photran 
| could be used to actuate a power re- 
| lay with one of the simple control 

circuits previously discussed. Relays, 

however, have a limited life and can 
| prove unreliable when hundreds of 
| millions or billions of repeat cycles 
| are involved. In applications of this 
| nature, where the highest reliability 
| is desired, the Photran can be teamed 
| with Silicon Controlled Rectifiers 
| 
| 





(SCR) to achieve highly efficient light - 


actuated power control. 
| Two high power output circuits are 
| shown in Fig 4. Both circuits provide 
| full wave de output to the load. In 
| both of these circuits, the Photran 
| controls the gate voltage to the SCR’s. 
| The Photran is capable of supplying 
| the necessary gate firing power to all 
| currently available SCR’s including 
| those with ratings up to 70 amperes. 


| Thus tens of kilowatts of load power 


can be controlled with this simple yet 
highly reliable circuitry. 


LOGIC CONTROL CIRCUITS 


Many types of logic control functions 
can be performed using the binary 
memory property of the Photran. Fig 
5a is a light actuated “and” circuit. 
In this case light must strike all three 
Photrans simultaneously for power to 
be applied to the load. As many 
Photrans as desired can be used in this 
circuit so it may be adapted to a va- 
riety of input requirements. 

A modified version of Fig 5a is 
shown in 5b. This is a light actuated 
“sequential-and” circuit. In this case 
power is applied to the load after 
light has been applied to all three 
Photrans. However, in this arrange- 
ment, the light impulses do not have 
to be simultaneous. Each Photran will 
“remember” that it has received a light 
impulse by turning “on” and remain- 
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NS381-4 SERIES 
NPN HI-SPEED 
SWITCHING TRANSISTORS 


. with low saturation volt- 
ages, high breakdown voltages, 
and low output capacities. 


PARAMETER CONDITIONS NS381 NS383 










































Min. BVcCEO (Ice = 10mA) 20v 20v 12v 12v 

Min. BVCER (Ic—E = 10mA, RpeE = 102) 25v 25v 15v 15v 

Min. BVEBO (leB = 10zA, Ic = O) 5v 5v 5v 5v 

hre (Ic = 3mA, VcE = .4v) 20-60 40-120 20-60 40-120 

Max. VcE (i¢ = 3mA, Ig = .3mA) .25v .25v .15v .15v 
(ip, = 3mA, IB. = 1mA, 

Max. ton Vcc = 3v, RL= 2709) 15nsec 15nsec 15nsec 15nsec 
(lB, = 3mA, IBa = 1mA, 

Max. torF Voc = 3v, Ri = 2700) 25nsec 25 nsec 25nsec 25 nsec 
(Ip: = !B2=!c = 10mA, 

Max. ts Voc = 10v, RL= 1k) 15nsec 15nsec 12nsec 12nsec 


























Full technical specifications available on request. Write, wire or call: 


Danbury, Conn. e Ploneer 3-7624 « TWX DANB 452-U ne 
CIRCLE NO. 13 ON INQUIRY CARD 
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Fig 5a Light actuated “and” circuit. 
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Fig 5c Light actuated “or” circuit. 
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Fig 5b Light actuated “sequential- 
and” circuit. 
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Fig 5d Light actuated power flip- 
flop. 








ing “on”. Again, as many Photrans 
as desired can be used in series to 
adapt to different input requirements. 
Fig 5c shows a simple “or” circuit. 
Here, the load is actuated when light 
strikes either Photran. More than two 
Photrans can be put in parallel to 
adapt to any desired input arrange- 
Write No. 255 in 


ment. 

Fig 5d is a light actuated flip-flop. 
When light is applied to PT-1, it is 
turned on, and through the discharge 
of C,, PT-2 is turned off. When light 
is applied to PT-2 the action is re- 
versed. PT-2 turns on and PT-1 is 
turned off. eee 


Box on Inquiry Card 





Pulse Totalizing System 


Totalizing a multiplicity of simultan- 
eous pulses on parallel signal lines 
with a high degree of accuracy is pos- 
sible with an anti-coincidence system 
developed by the Programation Div. 
of Guardian Electric, Chicago, Ill. It 
consists of a transistorized high speed 
acceptor module, housed in a conven- 
ient plug-in form for each channel. 
Such modules accept signal pulse rates 
up to 1000 pps., at energy levels in 
the order of micro watts, and are cap- 
able of momentarily storing a pulse. A 
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Write No. 555 in Box on Inquiry Card 


time rate demodulator is synchron- 
ously driven by a time base and ac- 
cepts the stored pulse of each ac- 
ceptor output, delivering these pulses 
serially to the count channel where 
pulse level is increased sufficiently to 
drive the totalizer. Where recording 
or printout is desired, with or without 
time base marking, a conversion sys- 
tem module converts decimalized to- 
tals to any desired coded output, and 
channels to the print source. Guard- 
ian Electric Mfg. Co., Chicago, IIl. 






PTC THERMISTOR 







Low Cost Temperature Control 


In our January 1959 issue we re- 
ported that Westinghouse Electric was 
using a new thermal switch, called a 
Positive Temperature Coefficient 
Thermistor, to prevent the overheating 
of their hermetic motors. These PTC 
thermistors, which can be used to 
make a very low cost temperature 
stabilization system in many applica- 
tions, are now available as individual 
components from the Semiconductor 
Dept. of Westinghouse, Youngwood, 
Pa. The device is a thermally sensitive 
resistor made from semiconductor 
materials which have greatly different 
conducting states for temperatures 
above and below a_ predetermined 
transition temperature. Two types 
(802-1 and 802-5), with switching 
temperatures of 105 and 115°C re- 
spectively, are available. 

Fig 1 illustrates the 
temperature characteristic of Type 
802-1 PTC thermistor. When con- 
nected to a source of steady voltage, 
the thermistor’s surface temperature 
remains relatively constant in the pres- 
ence of large changes in ambient 
temperature. The temperature differ- 
ence between the thermistor surface 
and ambient air is determined by the 
power dissipated in the thermistor and 
the dissipation constant of the con- 
figuration (temperature rise above 
ambient per unit of power dissipa- 
tion). At high-ambient temperatures, 
those corresponding to the steep upper 
portion of the curve in Fig 1, the 
thermistor resistance is high. Conse- 
quently, it dissipates only a small 
amount of power from the source, and 
its temperature rise above ambient will 
be low. 


resistance / 


At lower ambient temperatures, the 
resistance of the thermistor tends to 
be much less. At a lower resistance, 
however, the device dissipates more 
power from the source and has a 
larger temperature rise above ambient. 
Thus, a change in ambient produces 
a lesser change in thermistor surface 
temperature because of increased 
thermistor dissipation and temperature 
rise. Consequently, a measure of 
temperature stabilization has been 
achieved due to the small change in 
thermistor surface temperature as 
compared to the ambient change. If 
an electronic component such as a 
temperature-sensitive diode or crystal 
is attached thermally to the thermistor 
surface, it will be subjected to temp- 
erature variations much less than the 
variations in ambient temperature. 
This principle of temperature stabili- 
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Here’s a really miniature stainless steel solenoid valve 
with all the features of a larger valve 


\ 


, Pe 





e Now designers of pneumatic and hy- 
draulic control systems and devices re- 
quiring high flow in smaller packages 
can specify miniature solenoid valves 
from shelf stock. 





VALVE SHOWN 
ACTUAL SIZE 











e These new B Series valves are so small 
and so new that %” NPT was too 
large, therefore !,,” PTF connections 
were selected. Fittings are included to 
make fluid connections with %” tubing. 

e Never before have there been valves 
like this—really miniature in over-all 
size, pipe size, and weight. 


B SERIES FEATURES 


No leakage—Soft, synthetic inserts 
provide bubbletight sealing. Seats have 
smooth rounded edges—no cutting of 
insert material. 

3-way normally closed 
als beer eee 





Mounting by means of two tapped mount- 


as os ik la eae ing holes (8-32) in valve body. Can be 

ft oat Ue ema a mounted in any position. 

” 
oe: eee +2 a Voltage— Coils available in most AC and 
ae a DC voltages. Heat rise meets U.L. stand- 
Maximum operating _ . 150 PSI ard of 85°C maximum for continuous 
Wie... . us ~, . Dente Salton — Maximum power requirement— 
*§ watts. 


Electrical housings are available with 
single grommet or 4” NPT conduit which 
can be rotated 360°. 


Skinner Distributors are now stocking the first of these 
new valves—the three-way normally closed. Three-way 
normally open and directional control, two-way normally 
open and normally closed, and higher pressure models Media—B Series valves may be used 
will be on the market soon. with all common media including many 


semi-corrosive fluids. 
For complete information contact a Skinner Distribu- 


tor listed in the Yellow Pages or write us at the address Corrosion-resistant—Stainless steel body 
below. and internal parts. 


SKINNER Vaives 


SKINNER ELECTRIC VALVE DIVISION 
THE CREST OF QUALITY SKINNER PRECISION INDUSTRIES, INC. » NEW BRITAIN, CONNECTICUT, U.S.A. 
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Temperature °C 


Fig 1 Resistance/temperature character- 
istic of Westinghouse’s Type 802-1 Posi- 
tive Temperature Coefficient Thermistor. 
Increase in resistance occurs abruptly, 
within predetermined temperature bands. 
The switching characteristic makes the 
device particularly useful in control and 
indicating circuits. 


zation can be extended to larger 
volumes by employing multiple therm- 
istors and thermally insulated enclo- 
sures. 

As a practical illustration, the per- 
formance of Type 802-1 has been cal- 
culated when connected to a 30 volt 
source of power in free air with a dis- 
sipation constant of 15 milliwatts per 
degree centigrade rise. This perform- 
ance is plotted in Fig 2. As shown, 
an ambient temperature change of 
136°C from —65C to +-71°C pro- 
duces a thermistor surface temperature 
change of only 16°C (106°C to 
122°C). Thus, for any device whose 
temperature is determined by thermis- 
tor surface temperature, the ambient 
variations have been reduced by a 
factor exceeding 8:1. 

Write No. 256 in Box 




















Ambient Temperature °C 


Fig 2 Performance of Type 802-1 PTC 





thermistor when connected to a 30 volt | 


power source in free air with a dissipa- 
tion constant of 15 milliwatts per degree 
centigrade rise. 


Roughly the size of aspirin tablets, 
the thermistors are ceramic pellets 
surfaced with a metallic coating. They 
are fitted with leads and coated with 
a high temperature resin. 

PTC thermistors can be used with 
frequency control elements, voltage 
regulators and detectors, low level 
amplifiers, instruments, and various 
types of circuitry in both military and 
industrial applications. They are also 
of use in non-electronic areas. Al- 
though this simple scheme will cer- 
tainly not replace accurate tempera- 
ture control ovens, Westinghouse 
believes that it makes possible a 
marked reduction in the effects of 
environmental temperature changes 
on critical electronic components — 
and at a very low cost. 
on Inquiry Card 
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Tunnel Diode Design 


16-page handbook on circuit design of 
the tunnel diode contains sections on 
the theory of tunneling action; various 
general circuit considerations; simple 
switching circuits (‘OR’ gate; ‘AND’ 
gate; ‘majority’ gate; and ‘fan-out’ con- 
siderations); and 4 common digital cir- 
cuits including shift register, ring 
counter, binary counter and memory 
circuit. 

Source: Transitron Electronic Corp. 


Wakefield, Mass. 
For Your Copy: Write No. 804 on Inquiry Card 
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Reliability Nomograph 


With a new reliability nomograph, 
semiconductor users can quickly com- 
pute the acceptance number for any 
given sampling plan, predict the suc- 
cess rate from life test data at a 90% 
confidence level and can also compute 
a sampling plan for conventional risks. 
The nomograph contains scales and 
tables with complete instructions on 
their use and a glossary of terms. 


Source: Raytheon Company 
Needham, Mass. 
For your copy: Write No. 819 on Inquiry Card 














MiNIATURE 
FLEXIBLE COUPLINGS 


FEATURE ® No Backlash © Com- 
pactness and Lightweight 
¢ Accommodate both lateral 
and angular misalignment 
© Choice of types offer clamp- 
ing or set-screw hubs 


Type MPC-1 consists of two flanged 
aluminum hubs and nylon or Delrin 
discs with V-grooves that are dis- 
placed 90° with each other. Discs are 
fastened with stainless steel springs 
loading ball pivots against V-grooves. 
Dimensions 7 x 7 in. 

Type MPC-2 has two cylindrical 
aluminum hubs, each with two ball 
pivots attached. Hubs are attached 
to a pair of flexible phosphor bronze 
discs which hold and load the ball 
pivots. Dimensions % x % in. Both 
types have range of bores to accept 
shafts from .120” to .250” and meet 
MIL-E-4970 and withstand — 80° to 
200°F and shock to 100 G. 


ADJUSTABLE 
SLIP CLUTCHES 


FEATURE © Adjustment over a 
wide torque range ® Compact- 
ness and lightweight 


Type ASC-1 is % x 1” 

Type ASC-2 Miniature is 4” x 54” 
Both are constructed of aluminum 
hubs, Delrin’ on stainless steel clutch 
plates and stainless steel hardware. 
These rugged, high performance 
clutches are friction units to protect 
components against excessive or in- 
ertia shock loads. Range of bores to 
accept shafts from .120” to .250”. 
These clutches meet MIL-E-4970 
specs. 

For details on couplings or clutches 
write 


Wie For further inf ti it 
TECHNOLOGY INSTRUMENT CORP. 


533 MAIN STREET, ACTON. MASS. 


6530 WILSHIRE BLVD. 
BEVERLY HILLS. CALIF. 


*x 
@® ovront t.m, 














Visit us at Booth #1506-7-8 at the Wescon Show. 
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DYNAMIC TESTING OF INDUSTRIAL INSTRUMENTS 


By: Allan R. Catheron, The Foxboro Co., Foxboro, Mass. 


Industrial instrument makers use dy- 
namic testing in several ways: to eval- 
uate and compare the’ performances of 
process control components, to obtain 
data for predicting the performance of 
projected control systems and deter- 
mine the necessary characteristics and 
adjustments of the components of those 
systems, and to improve the perform- 
ance of existing control systems or rec- 
tify operating difficulties. 

An almost complete lack of quantita- 
tive knowledge of the dynamic charac- 
tertistics of the processes with which 
industrial instruments are to be used is 
a major problem confronting the indus- 
trial instrument maker. Studies to ob- 
tain such process data in the field are 
therefore a prime activity in dynamic 
testing whenever the opportunity is 
available. Although such a study may 
call for a station wagon full of equip- 
ment, and a stay of two or three weeks 
at the test location, even when only 
one or two process units are under ex- 
amination, and despite multi-channel 
recording to get several responses to 
one input, the effort is justified. The in- 
formation obtained includes the dy- 
namic characteristics of several control 
loops of a piece of process equipment, 
together with some indication of the 
degree of their interaction. Most valu- 
able, perhaps, is evidence that similar 
types of equipment units show similar 
patterns of performance, even if vary- 
ing in size and design details. 

Difficulties of field test work have 
influenced some industrial instrument 
manufacturers to set up “life-size” proc- 
ess units in the laboratory. Such facili- 
ties permit dynamic testing under ideal 
conditions and with complete freedom 
of choice of operating levels and upsets. 
They also offer the opportunity to try 
out new designs of control and meas- 
urement units under field conditions 
yet with laboratory control of the situ- 
ation. 


20 





Industrial instrument design is pri- 
marily a problem of adaptation — to 
the almost universal non-linearities 
in practical working systems, to 
noise and fluctuating power sources 
and varying ambient conditions, and 
above all to the unknowns that are 
inevitable in an industry where 
much of the process information is 
proprietary. Industrial instrument 
designers use dynamic testing to in- 
crease the scanty store of knowledge 





about processes and to establish de- 
sign criteria for making instruments 
as adaptable as possible. In this art- 
icle, taken from a paper presented 
under auspices of the AIEE at a re- 
cent Joint Automatic Control Confer- 
ence at Massachusetts Institute of 
Technology, Mr. Catheron discusses 
the factors in industrial control that 
influence dynamics and the prob- 
lems in dynamic testing that are pe- 
culiar to industrial instrument work. 








The range of time constants involved 
in industrial control work is such that 
subaudio frequencies are the rule. Ex- 
tremes of the frequency range of pres- 
ent interest are at 0.0003 cps (about a 
one-hour cycle) and 100 cps, with 
0.0005 to 10 cps rather more common. 
The low frequencies apply particularly 
to processes, the higher, obviously, to 
instrument work. 

Thus the dynamic limitations of the 
system equipment supplied by the in- 
strument manufacturer do not often be- 
come seriously involved in the over- 
all stability of the system, and the de- 
signers problem is then that of main- 
taining internal stability in the device 
over a wide range of dynamic charac- 
teristic adjustments. Only at the high 
end of the frequency range is there 
any likelihood of involuntary modifica- 
tion of performance from attenuation, 
phase lags, and resonances. If we are 
to keep the limiting frequency a decade 
above any likely process, and this ap- 
pears to be the desirable state of af- 
fairs, it is necessary to push all these 
problems above 10 cps. 


INDUSTRIAL CONTROL PROBLEMS 


Perhaps the most important factor that 
differentiates industrial control from 


other servomechanism work (from the 
industrial point of view, at least) is 
that the major problem in industrial 
control is correction for load upsets, 
with a relatively constant command 
situation. With a few exceptions, no- 
tably cascaded controls, this is the nor- 
mal state of affairs, the set point re- 
maining undisturbed for periods rang- 
ing from a day to a year or more. 
Another factor that affects designers of 
industrial control equipment much 
more than other servo designers is the 
scarcity of data on the dynamics of the 
process to be controlled. Because of 
insufficient application information, the 
industrial control designer must include 
a wide range of adjustment in his con- 
trol devices. Thus the gain and integral 
and/or derivative time constants of a 
controller must be adjustable over a 
wide range of values. 

The designer, therefore, must make 
dynamic tests to determine if the per- 
formance of a device is satisfactory 
over the entire frequency range that 
may be demanded of it and if it pro- 
vides sufficient stability and linearity 
of performance. The question always 
to be answered is: Will it fit into all 
probable, or even possible, applica- 
tions? 

This problem has never bothered the 
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(MAY SET FLOW 
CONTROL LOOP) 
REBOILER 
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HEATING MEDIUM FLOW 
itennecntll 
LEGEND : 


TC ---- TEMPERATURE CONTROLLER 
PC ---- PRESSURE CONTROLLER 

FC ---- FLOW CONTROLLER 

LIG--- LIQUID LEVEL CONTROLLER 
(K---- VALVE AND OPERATOR 
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Fig 1 Distillation column control illus- 
trating the interdependence of control 
loops in an industrial controller. The flow 
controller on the feed is shown in dotted 
lines, because it frequently cannot be 
used, as in the absence of storage capacity 
between the column and the next unit up- 
stream, which might be a catalytic crack- 
ing unit, another column, or polymeriza- 
tion reactors. The fundamental controls 
for the column are temperature and pres- 
sure and reflux flow. All others are to 
maintain stable conditions. A flow con- 
troller is sometimes necessary for the re- 
boiler heating mechanism in place of the 
simple valve shown, if the heat source 
pressure fluctuates widely, in order to re- 
duce the disturbances from that source. 
Changes in the feed rate contribute the 
worst and most frequent upsets, as a rule, 
and the next units downstream are subject 
to whatever variations in product flow 
may result from the action of the top and 
bottom product level controllers. An iso- 
lated column feeding from and to storage 
tanks is in an ideal position in this respect 
from the standpoint of control, but the re- 
duction of storage capacity between units 
is considered an essential part of design- 
ing a process for efficient operation. 

















designer very much, simply because he 
is used to the idea. Operative control- 
lers were on the market before the 
term “dynamic characteristics” was 
coined, or even expressed as a thought. 
And the controllers worked. Under- 
standing of system dynamics has been 
a great help in the design and use of 
industrial control instrumentation, but 
it is obviously not indispensable, ex- 
cept insofar as the early control engi- 
neers used it intuitively. 


NON-LINEARITY 


An important factor in the practical 
application of dynamic testing to in- 
dustrial instrumentation is linearity, or 
rather, non-linearity. (For the pur- 
poses of this discussion, a linear device 
may be defined as one that will pass 
a sinusodial input in undistorted form.) 
The techniques of dynamic analysis as- 
sume linearity in the subject of the test, 
but practically nothing in the industrial 
control field is rigorously linear. In 
operation, nozzle-flapper pressure re- 
lationships, control valve characteris- 
tics, measuring elements such as ori- 
fices and vapor-pressure thermometers 
are all highly non-linear. Thus all in- 
dustrial dynamic analysis is an approxi- 
mation. By keeping test ranges down 
to a few percent of scale, linear tech- 
niques can be used and data can be 
analyzed by the usual procedures. 
This problem applies both to discon- 
tinuities in components and to “smooth” 
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non-linearities such as in measuring ele- 
ments with exponential characteristics. 
How might these affect the transfer 
function of the system? What is the 
maximum amplitude that can be 
treated as linear? These questions do 
not lead to answers based on rigorous 
analysis. Visualization of the degree 
of non-linearity in the working range 
of the variable is of help. Limitations, 
of course, vary with personal experi- 
ence: our own indicates that an input 
of plus and minus 1% of the input range 
is about right. Some take as much as 
5%, with the qualification that a much 
smaller input be used if there is any 
sign of distortion, the warning of non- 
linear operation. 

Since it is the combination of phase 
and gain that is vital to the stability 
of a system, anything that increases the 
phase lag beyond the classic values is 
of great importance. Most non-linear- 
ities have the effect of increasing the 
phase lag in a system. While not a true 
non-linearity, the case of dead time 
(transportation lag), which contributes 
phase angle that increases with fre- 
quency without any accompanying at- 
tenuation, is obviously very trouble- 
some from the standpoint of system 
stability. In general, it must be as- 
sumed when calculating unit perform- 
ance that the phase will be more than 
the theoretical because of non-lineari- 
ties that can be counted upon. 

Operators of industrial control sys- 
tems have similar problems because the 


non-linearities usually include serious 
changes in plant gain as operating 
levels are changed. Readjusting the 
controller settings with every change 
of set point is seldom practical, yet if 
this is not done performance will often 
be appreciably degraded. Controllers 
that automatically compensate for such 
situations have been built experimen- 
tally, but they are very rare. 


PNEUMATIC EQUIPMENT 


The transition from primarily pneumat- 
ically-operated devices to electrical 
and electronic systems is changing the 
dynamic problems of the designer, at 
least in one important particular: the 
effect of transmission lines. However, 
pneumatic systems have some very real 
advantages of ruggedness, simplicity, 
and safely in hazardous atmospheres. 
So it seems probable that pneumatic 
and electronic control systems will con- 
tinue to exist side by side, each used 
where it serves to the best advantage, 
for a number of years in the future. 

Pneumatic controllers have a major 
disadvantage in comparison with elec- 
tronic controls, in that the breakdown 
of the system into its units (blocks) is 
so much less clear, and more dependent 
upon the individual case. Interaction 
of components is common. For _ in- 
stance, a controller operating a dia- 
phragm type valve motor through a 
pneumatic transmission line of appreci- 
able length cannot be divorced from 
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that motor and line dynamically until 
the line has exceeded a certain critical 
length dependent upon its bore. (With 
a small volume termination, the time 
constant of a given length of tubing 
approaches a minimum as the bore en- 
larges, but then increases again. In- 
dustrial practice, however, involves 
only two standard bore sizes, if capil- 
lary tubing for pressure thermometer 
systems is excluded.) The diaphragm 
motors so commonly used for operating 
control valves present a distinct prob- 
lem in that they form a large volume 
which changes with the valve position. 
The change is often appreciably greater 
than the initial volume at minimum or 
zero signal. 





INTERDEPENDENT LOOPS 


The designer and the user of industrial 
control equipment are often faced with 
a fundamental conflict which the writer 
believes to be rarely present in other 
servo applications. It stems from the 
fact that several units of industrial 
process equipment may be fed from the 
same source or may be connected in 
sequence, with material moving from 
one unit to the next. Also, a single unit 
of process equipment may have several 
interdependent though not necessarily 
interconnected control loops acting 
upon it. Under these conditions drastic 
control action in one loop can have re- 
actions on other loops. To think of 
each control loop as an independent, 
isolated unit leads logically to strong 
control action that can change levels 
on command or correct deviations as 
rapidly and stably as possible. View- 
ing the loop as part of a larger picture 
has the opposite effect: discouraging 
anything drastic and pointing to 
weaker, slower control action. Thus the 
ideal is rapid strong control action that 
involves little or no change in valve 
position, a study in contradiction. 

Interdependence of several control 
loops in a single piece of process con- 
trol equipment is illustrated by the 
control ordinarily applied to a distilla- 
tion column, show in Fig 1. 


DYNAMIC TEST PROCEDURES 


In testing devices for industrial service, 
frequency response techniques are gen- 
erally used, although step and ramp 
inputs are applied when appropriate. 
Sometimes, for greater accuracy, a com- 
bination of tests are used to permit 
cross checking. A particular instance 
of this is in determining the time con- 
stants of a process. A majority of in- 
dustrial processes included some dead 
time (transportation lag) or delay, but 
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it is ordinarily a small percentage of 
the major time constant. Since the 
lags of the process exhibit varying de- 
grees of interaction, from the isolation 
represented by cathode-coupled RC’s 
to the interaction of directly connected 
RC’s, the frequency response curve of 
such a process does not exactly follow 
the classic form, but has its corners 
rather less sharply defined. Of course, 
the relationship between phase and 
gain is hardly classic either. It has 
proved highly desirable to make both 
step and frequency response tests of 
such a process. The frequency curves 
provide an indication of the number 
and value of time constants, and this 
can be confirmed, at least for the two 
longest, by extraction from the step 
response record by the percent in- 
complete method (which does break 
down if the two time constants are 
nearly equal). Dead time, although 
appearing directly on a step record, is 
apt to read high because of the practi- 
cal difficulty of recording the exact in- 
stant when the measurement first makes 
any change at all (for this is usually 
below the resolution of the recording 
equipment). With the time constants 
identified, it is impossible to obtain a 
better idea of the dead time by the 
discrepancy between the theoretical 
and the actual phase angles in the 


frequency plot. 

Fundamental tools of the trade are 
the wide-range sine wave oscillator and 
the multi-channel, high-speed, high- 
sensitivity recorder. Use of an oscillo- 
scope for an analysis is made difficult 
by the frequency range involved (even 
at 10 eps, and with a long-persistence 
screen, reading Lissajous figures is not 
easy even with use of a phase-shifting 
device.) Reduction of data from a 
permanent chart record is still the 
most accurate and reliable method. For 
frequencies below 0.001 cps, a me- 
chanical generator with pneumatic 
transmitter and/or sine wave potenti- 
ometer has been necessary. 

Electrical oscillators with the neces- 
sary transducers for pneumatic signals 
are used in the majority of cases for fre- 
quencies above 0.001 cps. Measure- 
ment pickups for dynamic test work 
must be selected with considerable care 
to be sure that their dynamics do not 
intrude into the problem. 

In making an open loop study to de- 
termine the controller characteristics re- 
quired for a process, the signal gen- 
erator output should, of course, replace 
the controller output as the input to 
the rest of the system, which, com- 
plete, forms the process. The measure- 
ment signal, loaded as the controller 
would load it, provides the process re- 
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Fig 2 Frequency response of three processes. 
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ponse record. It is sometimes difficult 
o break down the system more com- 
yletely, or to define its parts for syn- 
hesis. A pneumatic transmitter should 
nclude its transmission line and load 
or equivalent load), and the process 
is often difficult to disassociate from its 
measuring element. 

Data is usually presented and han- 
dled in frequency response form as a 
Bode plot, this being the most practi- 
cal response and the clearest to the 
majority of users. Granted that the 
theoretical ideal is perhaps the transfer 
function, a transfer function that tells 
enough about the detailed behavior of 
a specific device is apt to be awk- 
wardly elaborate. The generalized 
forms are oversimplified, so that they 
may skip the important high frequency 
behavior, or interaction effects. Com- 
plete systems work is actually just get- 
ting started in the industry. Its advent 
may produce a considerable increase 
in the use of the transfer functions. 


CHARACTERISTIC PROCESSES 


What kind of a response pattern is apt 
to appear in process tests? Figure 2 
presents typical frequency responses of 
units of process equipment. The slow 
response on the left is that of the tem- 
perature of a distillation column in re- 


sponse to manipulation of reboiler heat- | 


ing steam (Fig 1). A heat exchanger 
alone (a reboiler is a form of heat ex- 


changer) responds more rapidly, but | 


in a somewhat complex way in this 
case. A really fast process — the re- 
sponse of flowing liquid in a line to 
valve manipulation — appears at the 
right. These examples were selected to 
illustrate the range of frequencies in- 


volved in process control, as well as | 


the varied forms of response. 


As a practical matter, the two long- | 
est time constants of a multi-capacity | 


process almost completely determine 
the control characteristics required for 
stability. Other time constants, if pres- 
ent, are ordinarily so short as to be out- 
side the dynamic range of the system 
as a whole. Coupled with the fact that 
service settings are seldom made close 
to unstable values, this means that a 
complex process can often be described 
in rather simple terms for all but the 
most rigorous analysis 
Thus, describing a process as one or 
two first-order time constants, with pos- 
sibly some dead time and perhaps a 
second-order resonant response is justi- 
fied. 

Such descriptions in terms of time 
constants apply directly to (dynami- 
cally) simple process units, but less 
directly to more complex systems. 
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Fig 3 Heat exchanger performance. 
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UNITIZED 
BLOWER 
HOUSING 


The new single unitized hous- 
ing construction on Heinze D 
Sub-Fractional Horsepower 
Blowers provides more rugged 
durability; more efficient air de- 
livery; reduced service costs; and 
a lower selling price due to lower 
manufacturing costs. 

Housing is CRS with baked 
enamel finish. Blower is stronger 
for rough usage — yet inner as- 
sembly is easily accessible for 
servicing. 

Blowers are powered by Type 
D 2 pole shaded pole induction 
motors, 115 V AC, 60 cycle. 
Single unit delivers up to 60 cfm, 
double unit 120 cfm. 

Send coupon for catalog. 









ELECTRIC COMPANY 


685 Lawrence Street 
Lowell, Massachusetts 


Sub-Fractional Horsepower Motors and Blowers 


HEINZE ELECTRIC COMPANY 
685 Lawrence Street, Dept. ED 
Lowell, Massachusetts 


Please send catalog on Heinze Sub-Fractional Horse- 
power Motors and Blowers. 
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TELEMETERING COMMUTATORS 














Model 301 units available from 
stock for IMMEDIATE DELIVERY! 


Price for 1—5 units: $98.75 each. 
Full details available in Bulletin 


> > acromasg': 


IDL “STANDARD” 


Satisfy 98% of 
PAM and PDM 
System Requirements 


Within this case, IDL provides 
sampling rates, channel density, 
low noise level operations and 
motor characteristics specified by IRIG 
requirements in telemetering systems. The com- 
binations offered by our production plan are so numerous that 
most telemetering requirements can be met. 


Case 
Style No. 1 


IDL “Standard” Telemetering Commutators offer these advantages 
to the systems design engineer: 
e Missile reliability 

e Long, service-free unattended life 

e Uniform quality and workmanship 

e Uniform installation requirements 


e Shorter delivery schedules 


e Unlimited production capacity 
for follow-on 


e Uniform pricing 
For complete information, write for IDL Brochure No. G361 
describing “Standard” High Speed Rotary Switches. 


INSTRUMENT DEVELOPMENT LABORATORIES, INC. 


Subsidiary of Royal McBee Corporation 


53 MECHANIC STREET, ATTLEBORO, MASS. 
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Yew RELAY PROVIDES 


0.000,000,001 WATT DC SENSITIVITY 


This industrial ““ACRO-RELAY”, 
Model 301, closes its output relay 
with a DC signal of 1.0 microamp 
and 1.0 millivolt into its 1000 
ohm input winding—an input 
power of only 10 -° watts! It is 
the most sensitive, high-reli- 
ability industrial relay unit 
available. The input magnetic 
amplifier drives a trigger ampli- 
fier which drives the DPDT out- 
put relay ... controlling up to 
1800 watts! 
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When we consider the frequency re- 
sponses of Fig 2, there are the flow 
process (one first-order lag plus a dead 
time), the distillation column (two 
first-order lags plus a dead time) and 
the heat exchanger (two first-order 


| lags plus the equivalent of a second- 


order response with £==1 plus dead 
time). All of these represent the con- 
troller’s view of the process, in that the 
final operator of the system, the valve, 
was manipulated to produce the input 
signal which is actually the valve stem 
position. The output signal is the 
measurement that the controller sees, 
usually involving the characteristics of 
the measuring element or transmitter. 
In Fig 2, the two simpler processes 
seem to be exactly like their descrip- 
tions in terms of time constants, with 
the possible exception of added shorter 
ones that do not appear in the tests. 
The heat exchanger model is more of 
a tour de force. 

Consider now the dynamic character- 
istics of a heat exchanger. Figure 3 
shows how the various derivations of 
the dynamic response compared with 
the actual performance as determined 
by test. This last is indicated in the 
figure by the solid lines. 

The transfer function of this heat 
exchanger was derived in great detail 
from its physical dimensions, materials, 
and performance specifications. From 
this was calculated the frequency re- 
sponse shown by dotted line in Fig 3; 
the product of the two transfer func- 
tions is presented in Fig 4a. Some 
simplification is afforded by making a 
low frequency approximation. The 
transfer functions for this approxima- 
tion are presented in Fig 4b, and the 
derived frequency response is shown by 
the dashed lines in Fig 3. To calculate 
even the simplified frequency response 
requires an appreciable amount of 
computer time, so a “brute force” ap- 
proximation was tried on this rela- 
tively complex process. 

The system described by two first- 
order lags, a resonance, and a dead 
time was used. While the gain plots 
for all the methods fall comfortingly 
together in Fig 3, the spread of the 
phase curves is perhaps indicative of 
the approximations taken. In the case 
of the two sets of transfer functions, 
no allowance was made for dead time. 
Experimentally determined dead times 
tend to run high: a value estimated 
from the exchanger construction and 
water velocities would bring these 


| phase curves in line with the test rec- 


ord. In the greatly simplified case, the 


_ large phase lag of the second-order unit 
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Fig 4a Heat exchanger transfer function. 
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seems to indicate an inaccurate repre- 
sentation, for, with the nominal phase 
lag from the dead time part of the 
plot, the total phase is considerably in 
excess of the test value. However, this 
is certainly an error on the conservative 
side. The “T” for the second-order 
term is related to the transit time of 
a particle of water through the ex- 
changer tubes; it is not arbitrarily se- 


lected as the number that puts the 
hump in the right place. 

All of these curves in Fig 3 do 
represent (with varying degrees of ac- 
curacy) what the exchanger does in 
actual operation — any of the curves 
are probably accurate enough for ordi- 
nary prediction of controller settings 


and performance. 
eee 





Plugboard Programming 


Designed for variable programmable 
interconnection of large numbers of 
circuits within an equipment or sys- 
tem, a removable plugboard system 
features a dual hub construction there- 
by eliminating the need for busses, 
cumbersome “Y” type _patchcords 
and external connectors. Every hub 
on the board can be used for active 
control wiring. The system has 540 
contacts which function as a 270 
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pole, single throw switch and may be 
reprogrammed for different applica- 
tions in a matter of seconds by inser- 
tion of another pre-wired plugboard. 
Entire system measures 10 inches by 
11 inches overall and weighs seven 
Ibs, including the weight of the re- 
movable plugboard itself. Systemat- 
ics, Div. of Gen. Instr. Corp., Haw- 
thorne, Calif. 
Write No. 554 in Box on Inquiry Card 
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TYPE 3A 


Only 1” in diameter . . . weighs 30 
grams ...as many as 8 decks and ~ 


up to 12 positions per deck. These 


are among the features of Tech 
Labs’ new all-moided miniature 
Type 3A tap switch. 

Designed for a wide range of mili- 
tary and commercial applications, 
this single-hole mounted switch 
has adjustable stops if fewer than 
12 positions, single pole, or 6 po- 
sitions, double pole, are required. 
“Shorting” and “non-shorting” 
types are available and the switch 
can be furnished solenoid-oper- 
ated and hermetically sealed. 


SPECIFICATIONS | 


Size: 1” diameter, 144” with terminals. 
First deck, 1-1/16” long. Each additional 
deck, 42” long. 
Weight: First deck, 30 grams. 10 grams 
for each additional deck. 
Rating: 1200 volts rms, 2000 VDC, 5 
amps (carrying) 115V. 
Insulating resistance: 100 megohms min- 
imum at 500 volts DC. 
Life: 1.5 —2 million revolutions. 
Contact resistance: 
(standard) 6-10 milliohms. 
(silver) 3-5 milliohms. 
Temperature range: —65°C to 100°C. 
Mounting: Single-hole. 


Meets MIL-S-3786 and MIL-E-5272C 
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INTERFERENCE SPECTROSCOPY 


Sensitivity Gain of More Than 1000 in New Infrared Spectrometer 
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Fig 1 Comparison of interferometer-spectrometer 
(top) and a conventional rocking grating IR spec- 
trometer (bottom). 
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Although infrared spectroscopy has developed into one of 
the most powerful analytical tools available today, its use 
has often been limited by inadequate sensitivity. It has 
been difficult and frequently impossible to obtain data on 
weak sources of radiation. To overcome this, as well as 
other limitations and thereby extend the application of IR 
spectroscopy, Block Associates, Inc., Cambridge, Mass. 
under partial sponsorship of the Geophysics Resch. Direc- 
torate of AF Cambridge Resch. Labs., has developed an 
interferometer spectrometer which basically attains the 
advantage of increased sensitivity by, first, making more 
efficient use of the measuring time — examining all wave- 
lengths simultaneously instead of one at a time as in a 
conventional spectrometer — and second, by not requiring 
a narrow entrance slit. These factors, reports Block Asso- 
ciates, enable the unit to accept more radiant energy 
from the source. 


PRINCIPLE OF OPERATION 


As an introduction to the operating principle of Block 
Associates’ new spectrometer, consider an acoustical anal- 
ogy. One way to analyze sound is to pick it up by a 
microphone, then record the output from the amplifier on 
tape. Then play the tape through a wave analyzer which 
records the amplitude of each frequency component in 
the sound. This same procedure could be used to analyze 
infrared or other electromagnetic radiation if detectors 
were available that were fast enough to follow the fluctua- 
tions of the electromagnetic waves. 

Since detectors are not fast enough, it is necessary to 
slow down the waves in order to use this method. Block 
does this by making use of an interferometer. The process 
of slowing down the waves can be visualized as being 
similar to obtaining slow motion in a movie projector. 
The interferometer can be considered to make a picture of 
the wave trains of light. This picture is the fringe pattern 
produced by the interferometer. When one of the mirrors 
in the interferometer is moved back and forth at a slow, 
constant velocity, the “camera” becomes a movie projector; 
the “picture” moves. The motion is manifested as an alter- 
nate brightening and darkening of the central fringe. An 
infrared detector, placed at the central fringe, converts 
the alternate brightening and darkening into an alternating 
electrical signal. If the mirror velocity is kept constant 
at a predetermined value, the frequency of the ac signal 
is directly related to the wavelength of incident radiation, 
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If you’re losing sleep over a sticky problem 
in automatic control, AE can help—because 
AE has a reputation for making things work 
automatically. 

It’s not surprising, considering our unique 
experience in the design of circuits and com- 
ponents for automatic telephone exchanges. 


What’s more, AE relays and stepping 
switches are unique in their own right — 
because they’re built to have substantially 
zero variation in operating characteristics 
for life. 

As an example: the AE Class B Relay, illus- 
trated, provides hundreds of millions of 
operations with unfailing contact reliability, 
and seldom needs maintenance. For this 





reason, it is probably the most inexpensive 
relay you can use where infallibility is an 
essential. 


AE relays and stepping switches are custom- 
made to your specifications — and are also 
available wired and assembled into complete 
control units. And we’re always glad to sug- 
gest specialized circuits that may cut your 
end costs. 


Want more information? Just write the 
Director,Control Equipment Sales, Automatic 
Electric, Northlake, Illinois. 


Also yours for the asking: Circular 1702-E, 
Relays for Industry, and a new 32-page 
booklet on Basie Circuits. 


AUTOMATIC ELECTRIC 
GENERAL TELEPHONE & ELECTRONICS 
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Fig 2 Comparative interferometer-spectrometer emission spectra of black body and _ black 
body with 0.0015” polystyrene showing absorption of the atmosphere and polystyrene. The 
above spectrum was obtained with a 14S interferometer-spectrometer under the following 
conditions: Bolometer detector; lcm aperture, CaF2 optics; 4° field of view; 500° K black 
body source; 6 seconds recording time at 2 scans per second ~ 30 cm™ resolution. 


assuming for the moment that the incident radiation is at 
one given wavelength. If incident radiation containing 
many wavelengths were introduced into the system, the 
output of the detector would consist of a superposition of 
all the ac signals corresponding to all the wavelengths in 
the source. This superposition is the same thing that hap- 
pens in the analogous microphones when the incident 
sound consists of many notes. 

Electrical outputs of the microphone system and the 
interferometer-detector system are equivalent. Conse- 
quently, the same procedure of using tape recording and 
playing it back through an audio wave analyzer permits 
the infrared spectrum to be recovered just as the acoustic 
spectrum is recovered. Mathematically, one can consider 
that the interferometer takes the Fourier transform of the 
incident radiation, and the wave analyzer takes the inverse 
transform. 


DATA REDUCTION 


Use of a tape recorder and wave analyzer combination, 
according to Block Associates, is the simplest way to con- 
vert the superposed frequencies, called an interferogram, 
back into the original spectrum. Paper feed of a chart 
recorder is mechanically linked to the frequency tuning 
control of the wave analyzer, so as the paper slowly ad- 
vances, the frequency is changed. This produces a spec- 
trum which has as its abscissa a scale which is linear with 
frequency (or wavenumber). 
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Fig 3 Complete commercial version of Block Associates’ 
Interferometer-Spectrometer. Available with a choice of in- 
frared detectors, the instrument is composed of an optical 
head which measures 244 x 24% x 8 inches and a separate 
electronics package measuring 6x 8x10 inches. Price of the 
complete instrument depends on detectors, but is approximately 
$4500. 


Data reduction is not limited only to the use of the 
above procedure. If desired, the interferogram can be 
converted into digits and the inverse transform can be 
calculated on a computer. 

Because each wavelength of the source appears as a 
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Fig 4 Hand-held field model of Block Associates’ Inter- 
ferometer-Spectrometer. 


different electrical frequency, several additional methods 
of data display can be used. If a spectrum is desired with- 
out going through the delay of tape recording and wave 
analysis or computer programming, the output of the 
spectrometer can be fed directly into a panoramic wave 
analyzer. If one is interested in only a few wavelengths, 
several tunable narrow bandpass filters can be placed in 
the output. 

Block Associates described the large gain in sensitivity 
as the most striking advantage of interference spectros- 
copy, attributing this gain to the following two factors: 
¢ The interferometer has a much larger entrance aper- 
ture (determined by the mirror size), whereas conven- 
tional instruments are limited by slits. Essentially, the 
product, (entrance angle) x (area), which one can call 
the throughput, is much higher in an interferometer. For 
typical instruments, this can be a factor of 100 greater 
than in a conventional spectrometer. 
© The interferometer spectrometer examines each wave- 
length throughout the entire time period of each scan. In 
a conventional instrument, each wavelength is only ex- 
amined for a very short part of the scan time — 1/n times 
the scan time if n is the number of resolution elements. 
A basic theorem of information theory shows that signal- 
to-noise increases as the square root of the measuring time, 
hence, an interferometer achieves a gain which is the 
square root of n for the same scan time. For typical in- 
struments this can be a factor of 50. Note that this gain is 
realized even when examining point sources where the 
throughput gain is not large. 

The price one has to pay for these gains is dependent 
on the data reduction method. If the tape loop and wave 
analyzer are used, it is necessary to wait until the wave 
analyzer has been tuned through the entire range of 
frequencies which correspond to the spectral region of in- 
terest. Here, one must pay for the gain with a time delay 
in the order of fifteen minutes. If a panoramic wave ana- 
lyzer is used, the presentation is immediate, but the reso- 
lution may be limited. 

Comparing its interferometer spectrometer with con- 
ventional dispersive instruments (prism and _ grating 
types), Block Associates believes that its unit offers many 
advantages. Some of these advantages are: 1,000 to 
10,000 times more sensitive when examining extended 
sources; high reliability due to only one moving element; 
low power consumption; rapid scan—4 spectra/second 
with present model. 

Write No. 254 in Box on Inquiry Card 
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ee Multiple Contact 
Me Connectors 


Designed for aircraft, radar, and 
missile applications. Especially 








TWO PART suitable for use with printed 
PRINTED CIRCUIT circuit boards or, Plyo-Duct, 
CONNECTOR Methode’s flat multi- 
Series MD-1100 and SD-1100. conductor cabling. 


Exceed requirements of MIL-C-8384 
and NAS 713, 714, 715 where 
applicable. 





Methode Multiple Contact Connectors are 
designed to alleviate difficulties which are 
usually common with this type of connector, 
using closed entry sockets which may be 
inserted into and removed from the con- 
nector after wiring with simple tools. 

The male connector is available in right 
angle mounting or upright style. \ 
Available with contacts on \ 
staggered .100 inch 
centers with polar- 
ized mating 
guides. 














RELI-ACON 
FEED-THRU 
STYLE CONNECTOR Series FTD 1500 


These connectors employ a tri-furcated contact which 
withstands extreme vibration. Presently available in 15 
contacts on .100 inch centers for a nominal card open- 
ing of .062 inch. Moisture seal is available about the 
board or cable entrance. 











Flexible multi-conductor wiring is available 
in Standard sizes from stock or custom 2 
patterned to your specifications. 





COMPLETE information need {/; / 


and data are available on ; 


both of above connector 


types write today a A manufacturing 
| corp. 

7447 W. Wilson Ave 
Chicago 31, Ill. 
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TECHNIQUES 


VIBRATION AND SHOCK MOUNTS 


Knitted Stainless-Steel Wire Cushions Provide 
Non-linear Spring Characteristics and Excellent Damping 


Requirements for mounting systems 
to protect equipment against shock and 
vibration are more demanding now than 
ever before. Space is often tightly re- 
stricted and weight usually must be 
kept to a minimum. The resilient ele- 
ments in the mounting system must 
provide excellent damping characteris- 
tics and respond quickly and precisely 
to sudden increases in pressure and 
overloading. Extremes of temperature 
and atmospheric conditions must be an- 
ticipated. Shelf life of the control ele- 
ment must be long and the element 
must not deteriorate with age on in- 
stallation. In service, the element is 
required to resist fatigue failure and to 
deliver reasonably long effective life. 

A type of vibration isolation that ap- 
pears to fulfill these performance re- 
quirements over a wide range of 
vibratory frequencies is a recent devel- 
opment made of stainless steel. Termed 
Met-L-Flex, the element comprises a 
knitted stainless steel wire cushion 
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Fig 1 Load vs deflection curve for a 
stainless-steel wire mesh vibration isolator 
shows the non-linear characteristics of the 
design. 
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Fig 2 Vibration testing visually demonstrates dampening influence of stain- 
less steel cushions. Vibratory input by electromagnetic shake table is about 


.187 inches at 35 cycles per second, 


equalling a 12 g acceleration force. 


Equipment at left is bolted to test table; that at right is mounted on stain- 
less cushions. Clear image of measuring arrow (on white panel) at right 
shows no perceptible motion. Calculations show, in this instance, an iso- 


lation efficiency exceeding 95 percent. 


housed within a compression spring. 
The concept originated with Robinson 
Technical Products Inc., Teterboro, 
New Jersey. 

The cushioning element is a knitted 
stainless steel mesh structure with inter- 
locking spring-like loops. Multi-direc- 
tioned orientation of the loops allows 
precise control of compressibility and 
resiliency. Housed in a stainless steel 
mounting structure designed for the 
particular end use, the cushion possesses 
characteristics similar to a spring and 
dash-pot. Stress on individual spring 
loops falls well below fatigue limits, 
giving the element a long effective life 
even under periodic shock loading. 

Versatility and precision of stainless 
steel cushioned mounts are illustrated 
by the following examples. Low fre- 
quency systems for protection of elec- 
tronic equipment on jet aircraft have 


been engineered using stainless steel 
elements that pass natural frequencies 
of 6 to 9 cycles per second, yet with an 
isolation efficiency approaching 90 per 
cent at 30 cps. High frequency mounts 
for aircraft lights incorporate stainless 
steel elements with natural frequencies 
of 80 to 90 cps that achieve 90 percent 
isolation of frequencies in the 300 to 
600 cps range. A stainless steel mount 
for military communication equipment 
has been developed with a load range 
down to three pounds. Another design 
for a machine tool mount employs the 
stainless steel cushion to handle loads 
up to 10,000 pounds. This last repre- 
sents vibration control under static 
pressures exceeding 50,000 pounds per 
square inch. 

One of the major advantages of stain- 
less steel as a vibration isolation mate- 
rial is its effective service life. Metal 
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ibration isolators are generally con- 
idered best for stability in storage and 
mg life in service. Yet even metals 
iave limitations: corrosion and fatigue 
ailure often limit life. 

Many metals possess sufficiently high 
iltimate strength to be virtually free 
fatigue failure at correctly designed 
tress levels. Many others are sufficiently 
corrosion resistant to be suitable for 
integration into vibration control sys- 
tems. But few materials posses the two 
properties. Among materials offering 
both, stainless steel is perhaps the low- 
est priced in terms of amortized cost. 
Other more costly materials include 
Monel, and certain proprietary chro- 
mium-, chromium-nickel, cobalt- and 
vandium-bearing alloys. 

In addition to corrosion resistance 
and high fatigue strength several other 
properties inherent in stainless steel 
prompted its selection for the cushion- 
ing elements. With a damping capacity 
five times greater than rubber, the cor- 
rosion resistant metal diminishes oscil- 
lations much more rapidly. Spring 
loading rates for the stainless steel wire 
are non-linear; the mount in compres- 
sion increases in stiffness as pressure is 
applied (see Fig 1). These non-linear 
characteristics of the design provide 
(1) greater stability, (2) resistance to 
bottoming-out during over-load condi- 
tions, (3) greater shock protection, (4) 
greater absorption of energy during the 
work cycle, and (5) negligible drift 
rate. 

Resistance to environmental extremes 
is another reason for selection of stain- 
less steel. It is virtually impervious to 
the effects of sunlight, oil, water, fungi, 
ozone, dust, and most chemicals and 
solvents. Over a 500 degree tempera- 
ture range, between minus 130°F and 
plus 375°F, the stainless steel woven 
control element is unaffected. Abrupt 
changes in atmospheric conditions simi- 
larly fail to affect the element. 

Three types of stainless steel mount- 
ing systems have been developed to 
combat severe vibration and_ shock. 
Within certain limits of equipment di- 
mensions and _ inertia characteristics, 
conventional base mountings may prove 
adequate. Such a mounting will incor- 
porate several of the stainless steel 
cushioning elements shown in Fig 2 
to limit radial or negative motion, to 
absorb shock, and to provide load toler- 
ance and vibration dampening. If 
equipment cannot be mounted on a 
conventional base, an effective center- 
of-gravity type system may provide the 
answer. A third possible configuration 
can be constructed in which resilient 
mountings of stainless steel lie both in 
the plane of the center of gravity, and 
at distances from it equal to the radii 
of gyration about the principal axis. 
Write No. 166 in Box on Inquiry Card 
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LOW FRICTION and WEAR 
LASTING PRECISION ALIGNMENT 
ELIMINATE BINDING and CHATTER | 
ZERO SHAKE or PLAY | 
LONG LIFE—LOW MAINTENANCE 
SOLVES SLIDING LUBRICATION PROBLEMS 





Used by progressive engineers in the latest guidance, 
fire control and navigation systems, computers, inertial 
devices, instruments. 


Various types of Batt BusHINGs are made for shaft sizes from Ve" to 4”... 
with small sizes available in Stainless Steel. Write for literature and name 
of our representative in your city. 


THOMSON INDUSTRIES, Inc. 


Dept. A, MANHASSET, NEW YORK 





Electronic Building Blocks 
Series 1-TRAMP 


Tramp* 


| will solve 


your servo 
amplifier 
problems 
just as easily 





| . PLUG-IN or 
TURRET TYPE — 


A transistorized building block that gives the design engineer— 
* more than 1 watt controlled power per ounce 
* voltage gains up to 30,000 
* 10,000 hours of operation 
Can be used in— 
¢ differential DC applications 
* magnetic amplifier applications 
¢ relay applications 
Hermetically sealed, meets government environment specs. 


For detailed TRAMP specs or R&D assistance, write to: Dept, TR-3, 
M. Ten Bosch, Inc., Pleasantville, New York 
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MACHINE PISTON RODS 


Tenfold Increase in Life of Working Parts 


Combination of a new rod material called Bronze Cas: 
together with hardened steel bushings gives Thomson In 
dustries Inc., Manhasset, N. Y., greatly improved per- 
formance in their piston and guide rods and similar linear 
applications. Bronze bearings material is put on the large 
area within a bushing, thus providing substantial reduc- 
tions in the cost of bushing and rod replacements. The 
cost of lubrication is reduced as well as the size and weight 
of many mechanisms. Using Bronze Case rods and hard- 
ened steel bushings also increases operating efficiency and 
frequently eliminates stick-slip and chatter. The new 
combination also eliminates rust and nick problems. 

High quality bearing bronze is fused on the surface of 
a steel rod which is subsequently ground and straightened 
to very close tolerances. The bronze fusing is done by a 
high temperature spraying operation which forms a coat- 
ing of controlled porosity for lubricant retention. Lubri- 
cants don’t wipe off and amount stored is enormous since 
it is stored all over the relatively large shaft surface. 

In conventional reciprocating applications, all of the 
wear is concentrated on the short length of bearing mate- 
rial within the support bushings. With Bronze Case, 
the effective bearing length is increased by the length of 
stroke and therefore the wear is greatly reduced as it is 
spread over such a large area. Actually the increase in 
life of the parts is usually more than the ratio of length 
of stroke divided by the bushing length because of better 
lubrication. Figure shows savings which can be made by 
reductions in replacements and machine downtime. 








43 x 222 = 1,110% 


Fig 1 In the formula, (x-y)/y times F, — % Increased Life, 
“y-y” is length of stroke, “y” is the bushing length and “F,” 
is a lubrication factor. The latter is the added improvement 
with Bronze Case rods due to much greater lubricant stor- 
age and the fact that the porous surface holds it in proper 
position along the stroke length. Oil or grease do not get 
pushed to the end of the stroke. Comparative tests have shown 
that the F, factor is a function of the frequency and amount of 
lubrication applied to the respective shaft surfaces. In appli- 
cations providing very frequent copious lubrication, the F, 
factor can go as low as 100 which means no added improve- 
ment over that gained by the (x-y)/y ratio. In the case of 
infrequent lubrication, tests indicate an F, factor of 444. In 
this example given for the piston rod, an F,, factor of 222 was 
used which assumes periodic lubrication under average condi- 
tions. In this application life is increased over tenfold. 


Bronze Case rods made of AISI 1060 steel, heat treated 
to 213,000 psi, are available from Thomson Industries. 
This greater strength affords savings in cost, weight and 
space in many new designs, by use of smaller rods and 
bushings. In some applications, the greater operating effi- 
ciency permits the use of smaller motors and drives. 

Write No. 258 in Box on Inquiry Card 


ELECTROMECHANICAL DESIGN 











JULY 


















































ast 

In- 
per- 
neal 
urge 
luc- 
The 
ight 
ard- 
and 
new 


> of 
ned 
ya 
pat- 
bri- 
nce 


the 
ite- 
Ase, 
_ of 
t is 

in 
gth 
‘ter 
by 


fe, 


; 


nt 
or- 
er 
zet 
wn 
of 


/e@- 
of 
In 
as 


li- 


S. 
id 
id 
ai 


A. 
New Family 

of 

Ob e-het-yt-ine) eV A=16! 
Power Supplies 


HIGH RELIABILITY IN A 2 AMP PACKAGE 


FLEXIBILITY, PERFORMANCE SV-2A MINISOURCE® SERIES 
QUALITY, AND VALUE SPECIFICATIONS 





. INPUT VOLTAGE: 105 to 125 It 
Elasco power supplies are of modular construc- ss a 


tion and lend themselves to inclusion in INPUT FREQUENCY: 60 to 400 cps 
proprietory products and test installations. Two 
SV-2A units may be mounted side by side on a 


MODEL VOLTS CURRENT 
314” x 19” rack panel, or mounted as a sub- 

; | WA 34" h SV6-2A 6 0-2A 
assembly on either the 814” x 83%” or the cate ee ts 
814” x 3” face. SV18-2A 18 0-2A 

° ° ° SV24-2A 24 0-2A 
Manufactured in accordance with the highest evee-ca an wie 
commercial standards and using high quality CE eC 
materials and components, Minisource® power LINE REGULATION: 5 millivolts 


supplies deliver value and reliability. Quality OE eT | 
control is rigorous and each supply is perform- | 
ance checked for a minimum of 24 hours prior RIPPLE: 5 millivolts peak to peak | 


to shipment. RESPONSE TIME: 50 microseconds or less... 
no load to full load 


Military power supplies and modifications to OPERATING TEMPERATURE: 0 to 450°C | 
standard models are made to customer | 
specifications. Send us your requirements. DIMENSIONS: 814° x 8%" x 3° high 


ELASCO INCORPORATED 


FIVE PRESCOTT STREET 
ROXBURY 19, MASSACHUSETTS 





Highlands 2-1600 
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TRANSISTORIZED AC TO DC 
ELASCO MINISOURCE® 
POWER SUPPLIES 

FIXED AND SEMI-VARIABLE 


TRANSISTORIZED 

Higher current capabilities in a smaller 
lighter package . . . greatly improved effi- 
ciences and reliability . . . less heat per watt 
input . . . no filament power losses .. . re- 
duced transformer and rectifier losses .. . 
no warmup time . . . longer life. 


COMPLETE SERVICEABILITY 

All components accessible for checking and 
replacement . . . potting has been eliminated 
and a printed circuit board incorporated for 
compact packaging. 


EFFICIENT HEAT TRANSFER 
Accomplished by mounting the power tran - 
sistor on the geometric center of the black 
anodized aluminum housing, which becomes 
an efficient black body radiating heat sink 
. Better heat transfer assures more accu- 
rate, stable and long-life performance of all 
components. 


FULL PROTECTION 

Fusing in the collector of the power transis- 
tor protects the supply without affecting 
regulation. 


All standard Minisource® power supplies are 
furnished with an octal glass to metal header 
(other terminations available upon request) 
and packaged in a black anodized aluminum 
transformer case. There is no extra charge 
for 400 cycles 





SPECIFICATIONS 
VOLTAGE REGULATED — 


FIXED ORSEMI-VARIABLE * OUTPUT 
Input Frequency: 60 cps or 400 cps 
Input Voltage: 105-125 VAC 
Output Voltage: 4 to 200 VDC 
Output Current: 50 to 500 ma 
Regulation: Better than 0.5% 
Ripple: Less than 0.25% 
Polarity: May be used Floating, Positive, or 
Negative 
Screw driver adjustment on top of semi 
variable units 
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IF THE SUPPLY YOU REQUIRE IS NOT LISTED ABOVE, 
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FIXED MINISOURCE 

















SEMI-VARIABLE MINISOURCE 
































MODEL VOLTAGE CURRENT CASE SIZE MODEL VOLTAGE = CURRENT CASE SIZE 
M4.5-50 4.5v. 50 ma_ B V450 dv. ‘SOma B _ 
M4.5-100 45v. __:100ma Ss v4-100 3-6v.. 100 ma_ B 
M4.5.250 45v Oma 6 v4250 36v. 250ma_ BC 
M4.5-500 45v. _500ma B v4-500 3-6v. 500 ma B 
mé50 ov. 5Oma _—sA V8-50 ——s S-l0v. 50 ma A 
M6-100 6v. _(100ma_— A V8-100 5-10v 100 ma A 
M6-250 6y. 250 ma i, v8-250  —-S-10v. 250ma  B __ 
M6-500 6v.  500ma B v8-500 510.  500ma  B _ 
M12-50 “12v. 50 ma_ es V12-500 —-'10-I5v. += 500ma B 
Mi2-100 12. = 100ma—s—( (A V15-500 10-20. = =500ma_——s AA 
M2250 la.  250ma_—siB V15-100 _—_10-20v. 100ma— ss BC 
Mi2-500 (lav.  500ma_—s_—‘iB V15-250 _10-20v. 250maiB 
M2250 22. ~~~—=«SO ma A Vi8-500—_15-20v. 500ma—CiCS 
M22-100 22. ~=S«:100ma—<(<i;éiS! V22-500  —-20-25v 500 ma ® 
M22-250 22. 250ma—( tsi v25-50 20-30v — -.- 
M22-500 22 500ma— ii V25-100 _—_20-30v. 100 ma BO 
M25-50 ~ 25. 50 ma i oe V25-250 _—_20-30v. 250 ma : = 
M25-100  ——25v.. 100ma—(itC™” v28-500—-25-30v 500 ma —— 
M25-250 —25v._ 250ma—(itiéitCS V32-250 _-30-35v 250 ma B 
M25-500 25v. 500ma  B. V35-50 30-40v. 50 ma 8 
M2850 —28v 50masté‘étB V35-100 30-40v. 100 ma B 
M28-100 28v 100 ma “B V38-250 35-40v 250 ma B- 
M28-250 28v 250 ma B V42.250 40-45v 250 ma C 
M28-500 28v 500 ma k v45-50 40-50v. 30 ma_ z. 
M30-50 30v 50 ma B V45-100 40-50v 100ma_—— iB 
M30-100 30v 100 ma B” V48-25 45-50v 25ma CC 
M30-250 -30v 250 ma i V65-50 60-70v. Soma BC 
M30-400 30v 400 ma B V65-100 60-70v 100 ma fe A 
M50.50 50v “ae B v75-50 70-80v. 50ma —s B_ 
M50-100 50v 100 ma 8 v75-100____70-80v. _—100ma_— BS 
MS50-250 _ 50v. __-250ma ecu. oes 
M100-100____100v.____100™ma aE ELASCO can package power supplies in any 
M150-100___150v 100 ma c way the customer may desire (within reason), 
M200-100 200v 100 ma c 





and to comply with military requirements. 


ETA Ss CoO inc. 


FIVE PRESCOTT STREET, ROXBURY 19, MASSACHUSETTS 
Telephone: Highlands 2-1600 
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ELASCO WILL BE HAPPY TO BUILD A MINISOURCE® TO YOUR SPECIFICATIONS. 


plasco 
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c— 
MODEL MODEL SM5-15 
2E30-100 
i 
i 
& 
; 
: 
' 
; 
: commercial application 
{ military requirement ; Pr 
A complete family of temperature indicat- 
Polaris missile submarines are ing instruments and bridges, manufactured 
using this power supply in the by RdF Corporation (formerly Arthur C. 
precision servo system which drives Ruge Associates) Hudson, New Hamp- 
and positions the navigational peri- shire, utilizes the SM5-15. Small and light 
' scope. Developed by Nortronics, enough to go into portable instruments 
Norwood, Massachusetts, the sys- with output measurements to within 2.5°F, 
j tem has proven very successful. it is precise and well regulated for use in 
: The critical accuracy necessary for a high accuracy temperature averaging 
navigation required a very stable wind tunnel system with output measure- 
power supply. ments to .1°F. 
! Input: 
o .F Input: 115 volts +10% 60 to 400 cps. 
a. yi 115 volts +10% 400 cps +5% 
a Dual Output: - Output: a 
~' #1 +30 volts D.C. @ 100 ma +5 volts D.C. @ 15 ma 
4 = _ 
t : Line Raga sepaleoss _ oe for 105 to 125 volts i 
Jig Ss -for105 to 125 volts input Se ere 
- Load Regulation: - Ser Load Regulation: 
os 1% for 0 to full load sree? | 25% for 0 to full load 
. Ripple: v ~~ 2 , 
— Ripple: 
1% peak to peak ms 
Operating Temperature: An Ree ee 
0 to +50 Operating Temperature: 
Storage ee 0 to +50°C 
—65 to 5 
Dimensions: ‘< Storage Temperature: 
3” x 2%” x 3%” high —40 to +75°C 
Weight: 17 Dimensions: . 
5” x 34%” x 142” deep 
Meets MIL-E-16400b (USN) Weight: 34° 
MIL- STD-242 
Modification of standard Minisource® Model M30-100 Modification of standard Minisource® Model M5-50 





These are typical examples of Elasco’s flexibility in modify- 
ing the standard Minisource® line to customer requirements. 


Write Now For Your Copy Of Catalog #960 
Do Not Hesitate To Contact Us Regarding 
Your Requirements 


ELASCO INCORPORATED 


FIVE PRESCOTT STREET 
ROXBURY 19, MASSACHUSETTS 


HIghlands 2-1600 
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MAGNETIC COMPONENTS 
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PROTOTYPES AND SPECIALS IN A HURRY! ~ 
3 
Elasco set up facilities for the manufacture of magnetic oy 
components to be used in Minisource® power supplies 3 “at 
years ago. Difficulty in finding a vendor that would consis- 3 
tently provide fast delivery, reasonable price, and constant we 
quality and performance necessitated our action. 4. 
With a staff of experienced magnetics engineers, seasoned Ge 
production personnel, and established manufacturing tech- ft 
niques, our magnetic components facility has grown into a ity 
complete operating division. cel 
° oi vata ° me 
The Elasco Magnetic Components Division is now prepared pa 
to design and manufacture the components listed to your Ch 
specifications and requirements. In: 
use 
ing 
me 
op 
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is 
pa 
re 
ELASCO INCORPORATED ] 
FIVE PRESCOTT STREET-ROXBURY 19, MASSACHUSETTS -Hlghlands 2-1600 te 
MANUFACTURERS OF MINISOURCE® POWER SUPPLIES + CONTRACT MANUFACTURERS - 
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PRECISION POTENTIOMETERS Part Ill 


As Prepared By The Precision Potentiometer Manufacturers’ Association 


If you are a manufacturer or user of 
precision pots, or a supplier to the 
Industry, you will be interested in ac- 
tivities of the Precision Potentiometer 
Manufacturers’ Association established 
to carry out four major objectives. 

1. To encourage voluntary standard- 
ization to further product reliability. 


2. To accelerate the growth of the 
technology. 

3. To expand the markets for preci- 
sion potentiometers. 

4. To represent the industry to the 
Government and users. 


Among the programs to accomplish 
these objectives is that of the Reliabil- 
ity and Applications Committee _re- 
cently approved at the first annual 
meeting of the Association. A major 
part of this Program, announced by 
Chairman Hollis Grey, of Technology 
Instruments Corp., will be to educate 
users to the best practices in purchas- 
ing and using precision pots. As one 
means to this end he proposed devel- 
opment of a check list of design tips 
for pot users based on suggestions 
from all member manufacturers. Here 
is the final draft of the check list 
passed by the Association Board of Di- 
rectors at their March 1961 Meeting. 


1. DO realize that the precision po- 
tentiometer is a precision instrument, 
manufactured to close electrical and 
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mechanical tolerances. While they 
can withstand the shock and vibration 
of the severest aircraft and missile en- 


vironment, they must be handled 
with care and the respect accorded a 
high-precision instrument. 


2. DO NOT hammer on the shaft. 


3. DO make certain when pressing 
gears, knobs, et cetera, on the shaft, 
that the load is carried by the opposite 
end of the shaft, not the bearings or 
the internal mechanism of the pot. 


4. DO make certain when drilling 
holes to support the shaft in a V 
block and to protect the bearings 
from chips and foreign matter. 


5. DON’T saw off shaft extensions or 


add screw driver slots — sawing causes 
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DO’S and DON’TS 


Precision Pots 


vibration and other internal and ex- 
ternal loads that nearly always dam- 
age the potentiometer. 


6. DON’T, when removing gears 
from the pot shaft, apply excessive 
end load to the bearings or the inter- 
nal mechanism of the pot. 


7. DO call for a flat or undercut on 
shaft when using set screws, since set 
screws will permanently damage 
shafts. 


8. DON’T, under any circumstances, 
hammer on the rear of the pot to force 
it into a mounting register. 


9. DO use servo mount ball-bearing 
pots in the following applications: 
A. Motor-driven gear train actu- 
ated 
B. When end or side loads of sig- 
nificant magnitude are expected 








Here is a new addition to 
MECHATROL’S product line of 
precision rotating components 
ot METAL FILM POTENTI- 
OMETERS. 

Using a unique new process, 
MECHATROL manufactures the 
deposited film potentiometer re- 
sistance element in a high vacuum 
chamber using electron bombard- 
ment techniques. This provides 
a thin film metallic resistance 
element of extremely fine gran- 
ularity capable of being resolved 
into infinitely small changes in 
resistance. Resolution is better 
than .005%. 


SM/1 








Metal Film Potentiometers 


MECHATROL’S thin film po- 
tentiometer exhibits superior wear 
and rotational life under condi- 
tions of high ambient temperature 
and severe vibration and shock. - 
Standard units measure 1-1/16 
inches in diameter and are avail- 
able for servo or panel mounted 
applications. Special units de- 
Signed and manufactured to meet 
your exact specification. 
FEATURES: 

Resolution . . Better than .005% 

Temperature . —55°C to +125°C 

Vibration . . . 10 g’s, 10-2000 cps. 

Rotatio.ial Life . . 2,000,000 cycles 
@ 40 RPM 


Write for full details. 


SERVOMECHANISMS/INC. 


MECHATROL DIVISION 


1200 Prospect Avenue, Westbury, New York 
MECHATROL OF CALIFORNIA, 200 North Aviation Blivd., El Segundo, California 
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C. Where speed of operation is 
high 


10. DON’T subject pots to rough 
handling. Pack them _ separately 
everywhere — in tote trays, storage 
bins, packing boxes, etc., to avoid 
nicking of precision machine surfaces, 
scratching of protective coatings, 
bending or breaking of terminals, 
bending of shafts. 








11. DO store them when not in use in 
sealed containers to protect them from 
dirt, dust, debris and contamination. 


12. DO avoid excessive heat on termi- 
nals when soldering leads. 


13. DON’T exert extraordinary force 
twisting or pulling on terminals. 





14. DON’T use battery-operated ohm- 
meters on low-ohms scale to check 
pots since the current supplied by the 
ohmmeter can be many orders of mag- 
nitude greater than the allowable rat- 
ing of the pot and consequently burn 
out end points and taps. 


15. DO make certain that the supply 
voltage to the pot is connected prop- 
erly — by far the greatest number of 
open pot windings are caused by the 
supply voltage being connected be- 
tween the wiper and one end of the 
winding, thereby causing sufficient 
current to be drawn when the pot 
shaft is rotated to burn out the wind- 
ing. 


16. DO recognize that pot noise, 
E.N.R., when it does occur, occurs 
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only when pot wiper is moved and is 
largely composed of high-frequency 
energy. 


17. DO avoid using pots dynamically 
as low resistance rheostats in wide- 
band circuits. 


18. DO filter the output of a poten- 
tiometer being used dynamically in 
pulse-triggered circuits (where the 
high-frequency noise components 
from the dynamically operated pot 
can cause false triggering of circuit). 


19. DO filter the output of the po- 
tentiometer which is dynamically op- 
erated through a low-pass filter prior 
to application as a scope display. 


20. DO take care in designing servos 
to prevent high-frequency, small amp- 


litude oscillations (commonly known 


as dither) of the pot shaft. 


21. DON’T use internal stops for stop- 
ping servo. 


22. DO provide rear support for mul- 
ti-cup units in high vibration applica- 
tions. 


23. DON’T overspecify environmental 
conditions, pot accuracy or pot per- 
formance with the object of maximiz- 
ing pot reliability. This may force un- 
needed design compromises in pot ad- 
versely affecting ultimate reliability. 


24. DO specify standard types and 
sizes which have established perform- 
ance and reliability. 


25. DO consult manufacturer, before 
freezing your design, for help in se- 
lecting and specifying a pot of maxi- 
mum reliability for your application. 

eee 
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KNOWS WHEN 
TO LEVY GO 


Under the most extreme vibration or pin 
load friction conditions, On Mark’s new Elec- 
trical Umbilical Quick Disconnect Coupling 
(7047 series) now in production positively 
lets go “on cue”. The 360° peripheral lock, 
time-proven in numerous coupling applica- 
tions, eliminates all pin damage or scoring. 
This dependable locking device also assures 
immediate and definite disconnect. High 
ejection force is achieved by an adjustable 
pre-load spring setting which also allows 
low connect and disconnect forces. Release 
of the locking device can be accomplished 
by solenoid, squib, pneumatic or lanyard 
breakaway actuation, or by any combination 
of these when a safety factor is required. 
This EUQDC, and the many other production 
missile disconnects, are examples of On 
Mark's ENGINEERING OBJECTIVITY; advanced 
concepts made immediately operational for 
the highly technical demands of the space age. 


ON MARK COUPLINGS 


4440 YORK BOULEVARD, LOS ANGELES 41, 
CALIFORNIA Mi MM M® CLINTON 4-2501 
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Modern case designed by Raymond Loewy Associates. 


New “602” Esterline Angus Two-channel Recorder 


This compact two-in-one instrument pro- 
vides side-by-side synchronized graphs on a 
single six-inch-wide chart! Use it to check 
electrical circuits, to determine the quality 
of arc welds, to indicate proper settings for 
anodizing, to aid in medical diagnostic re- 
search, to provide a wide variety of other 
vital information. In fact, any two variants 
if expressed as current or voltage can be 
recorded simultaneously on this new two- 
pen instrument. 

Price? Under $600. That’s some $150 less 
than the cost of two graphic instruments 





previously required to do the same jobs! 
Most important, the Esterline Angus 
Two-channel Recorder (which carries a 
unique-in-the-industry two year guarantee) 
is a product of 50-plus years of experi- 
enced craftsmanship— your assurance of 
dependable, trouble-free performance. 


For more detailed information, write 
for new “602” Recorder descriptive 
sheet. Address: ESTERLINE ANGUS 
INSTRUMENT Company, INc., Box 
596K, Indianapolis 6, Indiana. 


E.G. McDowell, Master Craftsman 
at Esterline Angus for 48 years, 


Excellence in graphic recording for over 50 yars—ESTERLINE ANGUS 
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; N FR A R E D AND PHOTO DETECTION 


A great many articles have been published re- 
cently on infrared, but these articles have been 
concerned mainly with the physics of high fre- 
quency radiation and its use in sophisticated 
military detection systems. This Digest will be 
concerned with the comparatively simple and 
inexpensive applications of infrared and photo- 
detectors in commercial and industrial equipment. 

The Digest will be divided into three main 
parts: physical principles in their most practical 
aspects, detectors (costing less than about $25.00) 
and how to use them, and commercial applica- 
tions of varying complexity. 


Physical Principles 


All objects at a temperature above absolute 
zero (—273°C or 0°Kelvin) radiate. This elec- 
tromagnetic radiation has a rather wide frequency 
distribution, but the amplitude and frequency of 
its maximum intensity is a function of tempera- 
ture. This effect is demonstrated in Figure 1 
which also defines some of the more important 
aspects of the physical problem. 

Figure 1 notes that visible radiation occurs at 
about a minimum wavelength of 0.4 microns for 
violet and at about a maximum wavelength of 
0.7 microns for red. Above 0.4 microns the radia- 
tion is called “ultraviolet” and below 0.7 microns 
it is called “infrared”. 

The theoretical calculations presented in Fig 1 
determine the radiation emittance curve. An im- 
portant assumption in deriving the relationships 
is that the radiating source is a “black-body”. The 
degree to which a practical source approaches 
“black-body” radiation is called the emissivity 
factor. Figure 2 lists a number of emissivity 
factors for various “gray-bodies” at room tempera- 


Fig 1 Black-body radiant emittance vs wave length. 
The amount of radiation falling upon a detector de- 
pends not only upon the total emittance of the source, 
but also upon: a) the radiation pattern of the source 
(its shape and attitude); b) the solid angle of radia- 
tion intercepted by the detector and/or its radiation col- 
lecting system; c) atmospheric scattering and absorption, 
and the efficiency and distortion of the collecting system. 
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RADIATING SURFACE EMISSIVITY FACTOR 
HIGHLY POLISHED } ov vee ” 
ALUMINUM .08 
NICKEL 12 
POLISHED | COPPER 15 
losis 24 
OXIDIZED MONEL METAL 42 
ALUMINUM PAINT 50 
POLISHED BRASS, OXIDIZED COPPER .60 
OXIDIZED STEEL 70 
BRONZE PAINT .80 
ASBESTOS PAPER, LAMPBLACK 93 
IDEAL BLACK BODY 1.00 








Fig 2 Emissivity factors of various room temperature surfaces 
(from Handbook of Chemistry and Physics, 30th Edition). 


ture. In practice, the emissivity factor 
will change to some degree with the 
temperature of the object’s surface. 


Uses and Problems 


Assuming this radiation can be de- 
tected, what can be done with it? It 
could be used to measure temperature, 
sense color or the frequency of the 
radiation, detect the presence of some 
elements which absorb a particular 
frequency of radiant energy, deter- 
mine the position of the source, or 
determine the position of an object 
between the detector and the source. 
These are only a few of its uses, but 
they illuminate some fundamental 
problems. All the applications listed 
require the generation, transmission, 
collection and detection of the radia- 
tion. Each of these elements in the 
chain-present a number of problems. 


Generation 


The generation of radiation is cov- 
ered somewhat in Figure 1. Intensity 
and frequencies of the radiation, how- 
ever, will vary with application. A 
simple light bulb can be an extremely 
good source, but, if there is too much 
background illumination, the system 
can become confused. One solution 
would be to use a stronger source such 
as a carbon arc; another solution 
would be to code the source by in- 
terrupting the radiation at a known 
rate either with a mechanical shutter 
(chopper) or by pulsing a neon lamp. 
The frequency of the interruption can 
be used in the detector’s amplifier as 
the center frequency of a sharp filter 
so that all other frequencies of varia- 
tion in the incident radiation are at- 


ae 


tenuated. If the interruptions occur 
at a rate of say 400 cps, then both a 
steady radiation and a 60 cps varying 
radiation could be discriminated 
against. One last solution might be to 
use a very narrow beam optical lens 
system which accepts radiation from 
only a small area in which the desired 
source is located. This solution, of 
course, is good only in an application 
where the source is known and fixed 
in position. 

Another source often encountered is 
a gas vapor lamp. These lamps radi- 
ate energy in only a few very narrow 
frequency ranges depending upon the 
nature of the gas. This characteristic 
of vaporized materials to have what 
might be called “resonant frequencies” 
is used in chemical engineering to de- 
tect the presence of the vapor by the 
fact that it absorbs energy at these 
frequencies. 


Transmission 


The effect of transmitting radiation 
can be a very important problem when 
the source is weak, far away, or when 
the characteristics of the source or 
the transmitting medium are to be 
measured. The first two situations 
occur in taking infrared pictures and 
in detecting and tracking military tar- 
gets. In both cases the attenuation 
characteristics of the atmosphere are 
important and a great many studies 
on the subject have been published. 
Atmospheric influence is a function of 
frequency; a number of “windows” or 
relatively unaffected ranges have been 
found. The visible spectrum, of 
course, is one, but others depend upon 
the water vapor, carbon dioxide, dust 
particles etc. which are encountered 


along the radiation’s transmission path. 


Collection 


Collecting and focusing incident 
radiation upon a detector is exactly 
the same as collecting and focusing 
light upon the eye. This aspect of 
the problem is well known and beyond 
the scope of this article. 

One interesting point can be made 
for “transmitting” light along lucite 
guides. When radiation is focused or 
is incident on the polished end of a 
lucite rod, it will be transmitted, with 
rather good efficiency, along the rod. 
Other materials can be used, but lucite 
is good because it is transparent, mal- 
leable and has a large “critical angle”. 
The “critical angle” is the maximum 
angle incident light can make with 
the interface to air and be completely 
reflected (no radiation refracted 
through the interface). Lucite has a 
critical angle of about 42° which 
means that it can be bent quite radi- 
cally and still be an effective transmit- 
ting device. 


Detection 


Radiation is of no use unless it can 
be detected. Historically the eye 
was the first detector and lead to 
emphasis on visible frequencies. There 
are, however, many other detectors 
that are not as critical. In general, 
three classes exist: thermal, photo- 
emissive, and photoconductive. 

Thermal detectors are elements 
which can change characteristics when 
they are heated. One type called 
bolometers change in resistance like 
a thermistor when it is heated. It is 
rather evident that this type of de- 
tector will be sensitive to a wide range 
of frequencies since it measures the 
total incident radiation, but its re- 
sponse will be slow since it must cool 
and heat. Actually bolometers have 
been made to achieve good results 
with extremely careful design and 
manufacture. They have also been 
used at very low temperatures for im- 
proved response time. 

Another type of thermal detector is 
the radiation thermocouple. It acts 
like any thermocouple in that heating 
the junction generates a Seebeck volt- 
age proportional to temperature. This 
type of detector was used in many 
of the original infrared experiments. 
It has the same drawbacks and ad- 
vantages as the bolometer. 

The photoemissive effect is used in 
photomultiplier vacuum tubes where 
electron emission from the cathode 
increases with light. This type of de- 
tector is rather sensitive and fast. It 
will respond to radiation in about the 
0.4 to 1.1 micron region. The main 
disadvantage of this type is power 
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itput, especially when compared to 
at of photoconductive detectors. 

Photoconductive detectors depend 
pon materials which generate free 
lectrons when bombarded by radiant 
nergy. Materials such as copper and 
aluminum which are good electrical 
onductors have many free electrons 
and do not notice a few additions. 
Other materials have molecules which 
hold their electrons so tightly that the 
incident energy must be very high 
frequency (high energy content in 
photon) before any electrons are re- 
leased. Semiconductors, on the other 
hand, are so named because they are 
right in the middle and experience a 
good sensitivity to incident radiation. 

The release of free electrons can be 
measured in two ways, by the decrease 
of electrical resistance in the semi- 
conductor material itself or by the 
effect of free electrons on a typical 
semiconductor junction. This junction 
is the common “pn” and is normally 
used as a diode. The effect of radia- 
tion on the junction can be measured 
either as a voltage which is generated 
across the junction or by the excess 
of minority carriers (leakage) through 
the diode. 

The great interest in the military 
applications of infrared has brought 
out a rash of new detectors. These 
detectors are at present expensive, 
many of them require liquid nitrogen 
or hydrogen temperatures, and most 
of them have only been built in proto- 
type quantities. There is every reason, 
however, to believe that in the near 
future some of these very exotic de- 
tectors will come into popular use. 

For the purposes of this article the 
detectors given detailed consideration 
will be limited to those costing under 
$25.00, made in production quantities, 
and operating at room temperature. 
Older types of detectors such as 
bolometers and photomultiplier tubes 
will be neglected in favor of the newer 
photoconductive types. 


Units For Measuring Detector 
illumination 


Before we consider details of the 
various photoconductive detectors, 
some general comments should be 
made about measuring detector illumi- 
nation and evaluating detector per- 
formance. 

From our discussion on black-body 
radiation, we would expect that the 
most obvious unit for measuring radi- 
ant emittance would be watts/cm’. 
Historically, however, the emphasis, as 
previously mentioned, has been upon 
visible radiation and not total elec- 
tromagnetic emittance. This has lead 
to a common practice, especially 
among detector manufacturers, of 
measuring incident radiation in foot- 
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KEARFOTT 
VERTICAL-SENSING 
ELEMENTS 


Two basic precision vertical-sensing elements are available, 
pendulous or bubble types. These devices can be applied to any 
vertical-sensing application requiring an electrical output indica- 
tive of displacement from gravity vertical. Sensing elements, 
employing electrolytic or electromagnetic pickoffs, are made in 
single- and two-axis types for either signal or power applications. 
A servo motor may be directly controlled by the power type for 
low-cost, moderate-accuracy applications. In addition to these 
proportional units, on-off switching devices are available. Pre- 
cision leveling to a few seconds of arc may be accomplished 
with the signal types and external amplification. 


The pendulous vertical-sensing elements employ a frictionless 
flexure suspended mass. Displacement from vertical, sensed 
about two orthogonal axes results in proportional phase-sensi- 
tive ac voltage outputs. The bubble types, of glass and noble- 
metal construction, contain an electrolyte and a gas bubble which 
acts as the gravity sensor. High reliability, low cost, and excellent 
resistance to vibration are achieved. 


CHARACTERISTICS Null 


Part Number Type Excitation Range Repeatability 
Pendulous B1802-01 Electrolytic 400 cps* hy 4 min. 
C70 1807 000 Electromagnetic 10 v 1000 cps 20 min. 4 sec. 


Null 
Repeatability 
Proportional* 1° nominal To 4 sec. 
Proportional* 1° nominal 5 arc min. 
Switches at 0.75° Range 75- 
135 arc min. 


Part Number No. Axis 
Bubble C70 1808 000 1 

A1800-01A-A 2 

228571-1 1 On-Off* 


Type Output Range 


NOTE: *Above designed for 400 cps., but higher frequencies possible. Excitation voltage 
is a function of circuit impedance. 


Write for complete data 


KEARFOTT DIVISION 


Dp GENERAL PRECISION. INC. 





Little Falls, New Jersey 





CIRCLE NO. 30 ON INQUIRY CARD 


43 











COMPONENTS e 
e DIGEST 











and 0.7 microns, as shown in Fig. 3. 


source. 0 


power. 


6. Radiant Flux is measured in foot-candles 





TABLE | 
THE RELATIONSHIP BETWEEN FOOT-CANDLES AND WATTS/CM? 


1. Wd = radiant emittance at wavelength \ from source in watts/cm? at \ (see Fig. 1). 


oO 
2, W= f W) dA = total radiant emittance in watts /cm? 


Note that cm above refers to source area and not detector area. Total radiated power 
from a point source is distributed over 47 solid angles. A radiant flux of 1 watt/cm? across 
a detector would occur when the detector is 1 cm from a source emitting a total of 1 watt 
in all directions (W times source area in cm’). 


3. V, = Relative luminosity factor at wavelength \, which is a simple attenuation pro- 
portional to the eye's sensitivity. It is unity at 0.555 microns, and zero at about 0.4 microns 


Vs] 
4. Luminosity = oes f VaAW) dA lumens and is the total visible power given off by the 


oo 
5. Intensity = oss f VAW) dA/4z candles and is the measure of the source in candle 


1 foot-candle = 1 lumen /ft® 
or the illumination at a distance of one foot from a point source of one candle power. 
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Fig 3 Standard luminosity curve. Courtesy of Texas Instruments. 


candles instead of watts/cm*. The re- 
lationship between visible and _ total 
radiation are shown in Table I. 

Figure 1 showed the total emittance 
in watts/cm*. This must be multiplied 
by the source area in cm* to get total 
power radiated in watts. This total 
power, from a point source, will be 
given off in all directions or across 47 
solid angles. The radiant flux is, there- 
fore, total watts divided by 4m and a 
detector at a distance of 1 cm from a 


a4 


source whose total power is 1 watt 
will see a flux of 1 watt/cm’. 

This same set of statements can be 
made about visible power. The rela- 
tionship between the total electromag- 
netic radiation discussed above and 
the visible radiation is defined by the 
“visibility curve” in Fig 3. The visi- 
bility curve matches the eye’s sensi- 
tivity and weights the radiation ac- 
cordingly. The units of lumen are 
similar to watts, but the source in- 


tensity is defined by candle power. A 
one candle-power source is one which 
gives off 4x7 lumens as its total radiant 
power in all directions. Foot-candles 
are related to watts/cm’ by the fact 
that 1 foot-candle is 1 lumen/ft’ or 
the radiant flux seen by a detector at 
1 ft from a 1 candle power source. 
A standard for a one candle power 
source is 1/60 the intensity of a one 
square centimeter black-body radiator 
at the temperature of solidification of 
platinum (1773°C). 

Generally the detector performance 
is measured by the manufacturer using 
a tungsten lamp at a particular “color 
temperature.” Color temperature is 
defined as the temperature of an in- 
candescent source where its spectral 
distribution most nearly equals that of 
a black body at the same temperature, 
see Fig 1. 


DETECTOR PERFORMANCE CRITERIA 


A large number of performance 
criteria for photo and infrared detec- 
tors have been proposed. Basically 
there are: speed of response, sensi- 
tivity to signal and noise, and spectral 
response. A number of attempts have 
been made to combine all the above 
factors into one figure of merit. In 
most industrial applications, however, 
noise is not the problem and evaluat- 
ing detector performance usually rests 
upon sensitivity to signal and speed 
of response. 

The speed of response is generally 
measured by a time constant (7), de- 
fined as the time it takes for the de- 
tector output to reach 63% of its final 
value after a step increase in illumi- 
nation. It generally takes longer for 
a step decrease in illumination. The 
time constant can be hard to measure 
because many detectors don’t respond 
in a nice first-order exponential way. 
Speed of response will also be affected 
by temperature, intensity of the 
change in illumination, the past his- 
tory of the illumination, and the radi- 
ant frequency. 

Signal sensitivity is usually called 
responsivity (R,) and is the signal 
output per unit of incident radiation; 
for example: microamps/foot-candle. 
The only trouble is that this figure 
again depends upon temperature, type 
of illumination (pulsing or steady), 
radiant frequency, and test circuitry 
used in measuring output signal. 

Relative spectral response (RX) can 
be more easily defined as the ratio of 
the responsivity at any wavelength 
divided by the responsivity at the de- 
tector’s most sensitive wavelength. 

Noise is any output not related to 
the desired signal and can be caused 
by internal effects or from the back- 
ground as seen by the detector. In 
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in lustrial applications the detector is 
generally not used in applications 
where the internal noise is a problem, 
and the external noise is, of course, 
a function of the particular applica- 
tion. If internal noise were a problem 
it could be measured by the noise 
equivalent input (NEI) or noise 
ejuivalent power (NEP). This crite- 
rion is defined as the equivalent il- 
lumination which just produces a sig- 
nal to noise ratio of unity. This figure 
is sensitive to detector area, tempera- 
ture and test circuitry. A more com- 
plete measure of signal to noise is 
called detectivity star (D*); it is the 
square root of the area of the detector 
times the bandwidth of the detector 
circuitry divided by the NEP. 


SEMICONDUCTOR DETECTORS 


The four semiconductor detectors, 
mentioned previously, are photocon- 
ductive, photovoltaic, photodiode and 
phototransistor. 

Photoconductive detectors are 
simply semiconductor materials which, 
when exposed to radiation, decrease 
in resistance. Table Il shows an ex- 
ample of this device in the form of 
a Clairex type 403 unit. This unit 
happens to be made of Cadmium 
Selenide but there are a great many 
other materials which can be used. 
Actually lead sulfide is the most popu- 
lar. 

Table II roughly demonstrates how 
the data curves can be used to design 
a basic circuit using the 403 and a 
transistor to actuate a relay. In Tables 
III, IV, and V the other semiconductor 
detectors are also shown in a transistor 
circuit with a relay load. Each Table, 
moreover, lists the general range of 
parameters for the various detector 
types. 

The second type of semiconductor 
detector is the photovoltaic or “solar” 
cell. This device is basically a very 
large semiconductor junction exposed 
to illumination over its whole area. 
Actually photovoltaic detectors have 
been used for some time in the form 
of selenium to metal junctions. Table 
III, however, indicates the advance 
in performance of a silicon cell, al- 
though selenium cells are still used 
widely because of their more flexible 
shapes. Table III also shows examples 
of data curves, the range in parameters 
and a typical circuit to actuate a relay. 

The approximate small _ signal 
equivalent circuit in Table III is very 
interesting because it will be the same 
for photodiodes and phototransistors. 
The main difference between a photo- 
voltaic cell and a photodiode is that 
the junction area is much larger in a 
photovoltaic device. This large area 
is required for high energy conversion, 
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HIGH- 
ACCURACY, 
WINDING COMPENSATED 


RESOLVERS 


Kearfott precision resolvers are high accuracy units par- 
ticularly applicable to analog computers and automatic 
control systems. The resolvers are capable of holding the 
angular arc error to accuracies within 20 seconds from 
electrical zero. A compensator winding provides feedback 
voltage for a resolver isolation amplifier. Unity gain from 
the amplifier input to resolver rotor output is made pos- 
sible by adjustment of a resistor. Since compensator and 
rotor winding voltages vary with temperature and fre- 
quency in a parallel manner, the feedback loop is auto- 
matically adjusted to compensate for these variations. 





















Unit No. R980-41D T980-003 CZ05180202 
Size ll 15 25 
Accuracy 
TYPICAL (Max Error . 
from E.Z.) 5 minutes 5minutes 20 seconds 
PERFORMANCE Function Error .1% max .05% max .01% max 
Excitation 
ATA (400 cps) 60 volts 60 volts 115 volts 
D Transformation 
Ratio 
Rotor to 

Seater) 980+.020 980+.010 980+2% 

Phase Shift 7.5 lead 8.5 lead 2.5°+1 min 





Write for complete data 


pb 





KEARFOTT DIVISION 
GENERAL PRECISION. INC. 








Little Falls, New Jersey 
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the usual function of a “solar” cell. 
The photodiode is basically a small 
semiconductor diode with a very small 
opening at the junction. Many units 
have a small lens in this opening to 
focus the illumination on the small 
junction area, making the device very 
directional. The photodiode is, in 
general, faster and usually less sensi- 
tive than the photovoltaic detector. 
The phototransistor, on the other 
hand, is simply a transistor with its 
base to emitter junction exposed. This 
means that the current in the base is 
proportional to illumination instead of 
the normal base voltage. The photo- 
transistor operates at about the same 
speed as the photodiode but has more 
sensitivity due to its amplification, al- 
though the dark current is also greater. 

The equivalent circuit for the semi- 
conductor detectors, as in Table ITI, 
is a current source proportional to 
illumination. The proportionality fac- 
tor k is similar to @ usually used in 
transistor circuits and has the units of 
microamps/foot-candle. The factor k 
can be seen to equal responsivity, R, 
mentioned previously. Rd is the rela- 
tive response plotted for each detector. 
In the photovoltaic case factor k de- 
pends upon cell area and in the photo- 
diode and phototransistor cases, k is 
somewhat a function of bias voltage. 
Two resistances make up the remain- 
der of the equivalent circuit: R,,, a 
large shunt resistance representing the 
back biased diode leakage, and R,, a 
small series resistor representing the 
terminal impedances. Actually, as in 
any equivalent circuit, the parameters 
are only accurate over a small range, 
which is evident from Tables III, IV 
and V. The parameters are especially 
sensitive to temperature. This prob- 
lem will be discussed in the next 
section. 

Table IV shows a very interesting 
example of the photodiode, using a 
Texas Instrument IN2175 “dual diode” 
detector. This unit is two diodes back- 
to-back. One diode acts as a photo- 
diode by varying its back biased leak- 
age current with illumination while 
the second diode is simply forward 
biased. This means that either AC or 
DC can be used as the bias voltage. 

Table V shows the general range of 
parameters for a phototransistor. The 
example chosen is a Texas Instrument 
type 800. 
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TABLE Il 


PHOTOCONDUCTIVE DETECTOR CHARACTERISTICS 


Typical Performance Curves (example is Clairex Type 403 photoconductive detector) 


General Characteristics at Room 
Temp. 


1) Dark impedance, Rg, = >0.1 
to 10 meg. ohms 


2) Time constant, 
10,000 x 10° sec. 


T = 200 to 


3) Appropriate sensitivity is ex- 
tremely difficult 
since 


to determine 


resistance changes expo- 


nentially, with the greatest 
change at the lowest illumination 
levels, as can be seen from the 


milliamps vs volts data curve. 
4) Peak frequency, \,, = 0.5 to 
1.0 microns; depends upon the 


semiconductor material. 


5) Size and 
limited. 


shape almost un- 


6) Equivalent circuit: Variable re- 
sistance (see milliamps vs voltage 
curve ) 


10,000 


1000} 





8 100 
f 
FI 
= 10 
= 
7) Typical circuit: 
+20 V 
og (3) || Revav 
LIGHT 
* 


This circuit is extremely tempera- 
ture sensitive, but as a first ap- 
proximation, the current shown 
in the relative response vs ang- 
stroms curve can be multiplied 
by the 8 to give i,. 
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A new type of photocell that 
promises to simplify a wide variety of 
| ght controlled electronic and electro- 
:nechanical systems was recently an- 

ounced by Solid State Products Inc. 
of Salem, Mass. Characterised as a 
shotoswitch, this new device, called a 
Photran, has many properties similar 
to those of a gas thyratron. It is es- 
entially a PNPN switch that is trig- 
vered by light energy instead of (or 
n addition to) electrical energy. Be- 
fore light strikes the Photran it is in 
a high impedance “off” state. When a 
light impulse is applied, it switches to 
a low impedance “on” state and re- 
mains “on” until it is electrically 
turned “off”. Light energy used to 
trigger the device “on” need only be 
momentary since it is not required to 
sustain the “on” state. In comparison 
with other photocells the response 
time of the Photran is fast, permitting 
its application to high speed control 
systems. 

Because of its newness and because 
of its unique binary memory, large 
power handling ability and high speed 
that open the way to many new de- 
signs in optical control, the Photran 
warrants a separate article in the 
Components Design section of this 
Issue describing in more detail its per- 
formance characteristics and some of 
its more important circuit applications. 


Application Techniques 


In each of Tables II through V, a 
semiconductor detector was shown 
operating a relay. All four circuits 
had about the same problem: drift 
with temperature in the detector and 
the transistor. For the relay circuit 
this characteristic might not be bad, 
but it could lead to activating the 
relay with only the background illumi- 
nation on the detector. In other appli- 
cations the effect of drift can be even 
more direct. 

The photovoltaic detector is the 
least sensitive to temperature, but a 
bias network has to be used for the 
transistor, at least for silicon transis- 
tors. If the transistor were germanium 
no bias would be needed, but there 
would be no base current until the cell 
develops more than the normal base 
to emitter blocking voltage (about 
0.250 at room temp.). 

In the other detector cases, the 
quiescent collector current will vary 
with dark impedance and _ normal 
transistor leakage current, Ico. Also, 
since the stability factor (change in 
collector current for a change in Icro) 
is high due to low emitter impedance 
and high input impedance, the effect 
of Inno will be very large. 

To achieve a better circuit the tran- 
sistor must have a_ lower stability 
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SPECIAL 
GEARED INDUCTION 
MOTORS FROM KEARFOTT 


Kearfott Special Geared Induction Motors meet the needs 
of a wide range of application problems. The motors 
shown here represent part of the many types available for 
the most demanding loads and environmental conditions. 


DEF-15-1 | EXPLOSION-PROOF GEARED INDUCTION MOTOR 


High starting torque makes this explosion-proof design ideal for 
hoist, gear pump and compressor applications. 
Input: 200/400 volts, 400 cps 
360 watts at full load 
Output: % hp, 1,490 rpm 
Weight: 11.0 Ibs. 


DE-30-14 | HIGH-PERFORMANCE GEARED INDUCTION MOTOR 


This is a high-performance unit, incorporating a specialized gear 
box, oil-filled gear case and extremely compact construction. 


TYPICAL CHARACTERISTICS 


Input: 208 volts, 400 cycles, 3 phase 


TYPICAL CHARACTERISTICS Output: 0.325 hp, 5600/1725 rpm 
Weight: 12 Ibs. 4 oz. 


Write for complete data 


KEARFOTT DIVISION 
D GENERAL PRECISION, INC. 








Little Falls, New Jersey 
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NE W/ Improved electrical contacts 


at drastically lowered cost! 






AR GORE CONTACT METAL 
\river BODY 

STYLES by atomic integration of contact face 

It permits substantial economy of 

mechanical requirements of the con- 

rivet head. The entire rivet may be 

conical face of either precious or semi- 


| | | HI, ZONE OF ATOMIC 
Beg 
metal and the rivet body, with supe- 
precious metal by limiting its area 
tact, and ranges from a thin, centered 
silver-plated at no extra cost. 
precious metals. Shanks may be solid, 


INTEGRATION 
FACING A new process provides solid bonding 
rior electrical and mechanical bond. 
and thickness to actual electrical and 
elipse to complete envelopment of the 
Made in flat, radius, full crown or 
indented or tubular; of copper, steel 


aa 


GIBSON 
ATOMICLAD* 


CONTACT RIVETS 
PLUS VALUES 


© Contact facing is bonded directly and 
is integral with the rivet body without 
any contaminating layer of brazing 
material or flux 

© Better electrical, mechanical and ther- 
mal capacities. 

e Surfaces are work-hardened through 
elimination of the annealing effect of 
brazing heat. 

® Contact facing thickest where wear is 
greatest. 

@ Reduced bounce and chatter because of 
lower elasticity of copper body. 

@ Lighter weight an assist in delicate 
assemblies. 


or other base metals. * ATOMICLAD—Trademark Gibson Electric Company 





GIBSON ELECTRIC SALES CORP. 


| BOX 654, DELMONT, PA. 


BOSTON CHARLOTTE CHICAGO CLEVELAND DAYTON 
DETROIT LOS ANGELES NEW YORK PHILADELPHIA PITTSBURGH 
ROCHESTER ST. LOUIS SAN FRANCISCO SEATTLE 
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NEW POWER MODULES 


FOR IMMEDIATE 


DELIVERY FROM INVAR ro 


@ 9 VOLTAGE RANGES—1 TO 37V. 
= 6 POWER RANGES—0.7A TO 22A. 


Fully transistorized, ultra stable output, 
extremely high reliability, series or parallel 
operation, complete short circuit protection. 


Remote programming and marginal test optional. 


A complete line of modular transistorized D-C power sup- 
plies are now waiting on the shelf for use as component 
power supplies in computers, electronic instrumentation, pro- 
duction test equipment or any application requiring accurate output 
regulation and virtually ripple-free D-C power. 


Only Invar offers complete short circuit protection, .002% temperature 
compensated zener diodes for a highly stable reference voltage, plus optional 


remote programming and marginal test features at extremely low prices with 


off-the-shelf delivery! 


Whether your needs are for custom, or off-the-shelf D-C power, consult INVAR. 








Write for illustrated brochure and technical data. 


ELECTRONICS CORP. 


SUBSIDIARY OF AMPEX CORPORATION 


1723 CLOVERFIELD BOULEVARD + SANTA MONICA, CALIFORNIA 
CIRCLE NO. 32 ON INQUIRY CARD 
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factor. This can be obtained with a 
reasonable emitter resistor and a re- 
sistor from base to ground. Both the 
added resistances tend to shunt the 
ignal, reducing gain. 

The effect of detector drift can be 
minimized by having the dark imped- 
ances at two detectors compensate 
each other in a bridge. This means 
that the two detectors must be 
matched for characteristics and must 
be kept in the same ambient. Only 
one detector need be illuminated be- 
cause, as in Table IV curves c and e, 
it is the dark impedance and not light 
sensitivity that varies greatly with 
temperature. 

The best solution for both detector 
and transistor drift is to modulate the 
signal. If the signal is interrupted at 
a fixed, rather high rate, the proposed 
large emitter resistor can be bypassed 
with a capacitor increasing gain and 
at the same time decreasing the sta- 
bility factor. The detector can also be 
detached, loaded with a high imped- 
ince, and reconnected to the base 
through a large capacitor. This greatly 
‘educes the effect of the slow change 
in the de level across the detector, due 
to drift in the dark impedance, on the 
‘yias of the transistor. An added fea- 
ure of coding or modulating the sig- 
nal is that the background illumination 
and noise can be discriminated 
gainst. For example, if there are a 
number of fluorescent lamps in the 
mnvironment, they can produce a large 
60 cps component. This component, 
as well as the de or steadier back- 
ground light from incandescent 
sources, can be filtered if the true 
signal is modulated at a rate well 
above 60 cps. The filtering is achieved 


| with a simple resistance and capaci- 


tance high pass filter. 

The main problem is how to modu- 
late? Two techniques are popular: 
applying an oscillating signal to a neon 
lamp or interrupting the beam from 
a steady source. The neon lamp, how- 
ever, requires considerable power, is 
short-lived, and is quite dim. Inter- 


| rupting a beam requires a mechanical 





shutter or disk and produces a number 
of rather evident disadvantages. One 
advantage, however, of the rotating 
disk is that the size of the signal 
source can be differentiated. If the 
disk is made of small light slots, only 
an object appearing about the same 
size as the slot will be interrupted at 
the coded rate. A larger object will 
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ot vary in average incident radiation 
t the detector and will, therefore, not 
.ppear, after the filter, as a signal. 


















Examples 
our examples of photoconductor ap- re ” 
plications will be given. The first two | * 
vith a ire general types of use and are rather PP, 
a re- straightforward applications of the ad 
h the elementary techniques presented in 
it the the last section. The second two ex- 
amples are more sophisticated and are 
in be included to demonstrate the type of 
nped- instruments that are being designed 
nsate today. 
neans The typical circuits shown in Tables 
t be II, I], IV and V were “discontinuous” 
must | in that they were intended to operate 
Only only when the illumination was turned 
1 be- off or on. This operation could be 
nd e, used to count work pieces on a con- 
light veyer belt or holes in a data processing 
with paper tape or punched card. It could 
also determine when a person ap- 
ector proaches a door or when a work piece 
> the reaches a preset position. Another i). 
od at example is detecting liquid levels by Kobe 
osed reflecting radiation off the surface so 5! 
issed that the detector is illuminated at a 
and preset level. The illumination source i. 
sta- is often included in the same housing Ey \ , 
‘0 be with the detector which means that a j 
ped- reflector must be used. A number of . wir 
base — corner type reflectors have been used 
eatly — to minimize the sensitivity to angle 
ange between the source and the reflector 
due surface. 
| the The second type of general system 
fea- is proportional. A typical example 
sig- would be two silicon photovoltaic cells 
ition imbedded in a table, end-to-end. Posi- : * 
ated tion of a work piece can be measured Elapsed Time Indicators 
re a by using the detectors in a bridge. 
the One cell could be used, but drift 
arge would then be much worse. Measur- Se 
ent, ing the incident radiation on a detec- 
ack- — tor in this way obviously presents This unusual photograph (taken just before Bernard 
cent many problems due to characteristic £3 eo : eee r s st: 
sal enn, a Wie: al siaiel madiiation Butterfingers left our shipping room) shows an Elgin 
ci / ina proportional system is even more Micronics ET! passing the old random sample bounce 
vec valuable than in a disconti S oper- 
ne pea than in a discontinuous oper test. We test against MIL-M- 26550 now and surpass 
Continuous measurement of de- | the shock and vibration requirements very ea After 
du- tector illumination is also used in re- ; 
lar: mote heat indicators. This example all, a 20G, 11ms shock is just a love pat compared to an 
9 operates on the fact that radiation and umpteen G bounce. You'll find Elgin Micronics ETI's 
‘om source temperature are related. The | 
ow- | problems in this case are due more to surprisingly small and light too, despite their rugged 
, is ! the natural laws of radiation than to fructi MOE isk ted oterrattcand misaild ¢ 
ter- | the detector circuitry. | construction—just right for aircraft and missile equip- 
- | ment. Digital or dial read-out models, AC or DC, are 
q . } 
ne | Infrared Detection | available. Write today for walle aa. for bulletin ETI-1. 


a | For many applications, limiting a | 
“¢ | — photodetection system to detection of 
the infrared radiation offers an important | 


| 
| 
nly ctaiiiumen: tbeanad cm tn coheed | 
pit advantage: infrared can be reftiectec DIVISION OF ELGIN NATIONAL WATCH COMPANY 366 Bluff City Bivd., Elgin, ilinois 
a from the body to be detected thus | Plants in Elgin and Rolling Meadows, Illinois and Chatsworth , California 
‘ vaiiteil sieht tanta 
vill wv oiding the nece ssity of installing the Represented nationally by Airsupply-Aero Engineering Company, a division of The Garrett Corporation 
transmitter and detector in separated | . - : - . 
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TABLE Ill 


PHOTOVOLTAIC DETECTOR CHARACTERISTICS Typical Performance Curves 
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Fig Illa Microamps vs volts for silicon photocell reader; active cell area 0.01 in’, 
cell temperature 30°C and tungsten light source at 2850°K. (Courtesy of Interna- 
tional Rectifier Corp.) 
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Fig IIIb Relative response ' 
vs angstroms (Courtesy of 2% 
Hoffman Electronics Corp.) % »o| aa 
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WAVELENGTH (ANGSTROMS) 
General Characteristics at Room Temp.: 


1) Dark impedance, Rey = 0.1 meg. ohms 5) Size and shape generally limited, in 
silicon, to rectangles with an area of about 
0.01 square inches. They can also be ob- 
3) Approximate sensitivity, K = R, =~ tained in other sealed configurations of 


2) Time constant, 7 = 20 x 10° sec. 








[0.1 x 10°° amps/(cm*) ]/foot-candles about the same area. 
4) Peak frequency, A,, 0.8 to 1.0 mi- 6) Equivalent circuit, for small signals: 
crons 
- ,. POSITIVE 
CURRENT TERMINAL 
SOURCE | IDEAL 
K R 
TIMES DIODE SH OUTPUT 
LIGHT 
> : —_—o 


7) Typical circuit: 


This circuit requires a large R», which is 
set to provide enough current to bring the 
base just into conduction. The cell will 
then see a low impedance which ap- 
proaches the short circuit condition. With 
this load the cell has the lowest tempera- 
ture sensitivity. 











TABLE IV 
PHOTODIODE DETECTOR CHARACTERISTICS 


Typical Performance Curves (Example) 
is Texas Instrument Type 1N2175) 


WAVE LENGTH — ANGSTROMS 
100 400050004000 7000 8000 9000 10000 11000 12000 


0° o4 os ‘ 06 ’ o7 : os oe 10 WwW 12 
WAVELENGTH—MICRONS 

Fig IVa Relative response vs angstroms, 

for equal values of radiant flux at all 

wave lengths. 
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Fig IVb Photocurrent vs bias voltage at 
25°C for different illumination intensities. 
Light source is tungsten filament lamp op- 
erated at color temperature of 2870°K. 

















Fig IVc Typical dark current charac- 
teristic vs temperature, for any 
constant voltage between 10 and 
50 v. 
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Fig IVd_ Photocurrent characteristic at 
25°C. Light source is tungsten filament 
lamp operated at a color temperature of 
2870°K. Radiation flux transmitted through 
Dow Corning deep red filter (CS 7-69) 
measured at exit surface with Eppley Lab. 
thermopile. 
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TABLE IV (Continued) TABLE V 
STICS rp veeeage 
Bt, * Sa Sen « PHOTOTRANSISTOR DETECTOR CHARACTERISTICS 
lemperoture 
ale) hr Current ot 25%C ; 
: be. i <3 any voltage from 10 v Typical Performance Curves (Example is Texas Instrument Type 800) 
e939 8 3 
we 2 4 [2] 
2882 2 2 
aZadaq < Vv 
— 50-25 0 25 50 ae. | 5 
- a tie 0 5 
emsee 25888 8 8 
‘ ‘ — quiono va) bd 
Fig |IVe_ Light current characteristic vs Qnu-an 4 = 
77 £ ¢ ’ ’ > 
temperature. 
| ” 
3 3 
General Characteristics at Room Temp.: < $ 
12 > 5 U 
1) Dark impedance, Rg, = 10 meg. ohms lu 9 = 
Ooms, 2) Time constant, 7 = 2 x 10° seconds “ 2 8 
~ —_ 
+ 3) Approximate sensitivity, K = R, 1 9 Y < 
x 10°° amps/foot-candles a a 
4) Peak frequency, \,, = 0.8 to 1.0 mi- % ri 
crons 4 5 
. , V > 
5) Size and shape. Small cylinder about 1 
the same diameter as a small diode except > 
generally longer with leads at one end 0 
and an opening or lens at the other. 0 20 40 60 80 100 120140 
6) Equivalent circuit same as Table III but o 2 © Be Ue mE 
with different sensitivity. Ic — COLLECTOR CURRENT — vA Ic — COLLECTOR CURRENT — WA 
ical circult: 
? on oer Fig Va Collector voltage vs current Fig Vd Colllector voltage vs collector cur- 
rent expanded 
+20V +20V 
50 v 0.10 
— RELAY par 
at RELAY = ro) 
ies. “ _ 
op- 40 | 0.08 
rx. 1© , 
= z < 0.07 
= = 3 
Fs 30 > 0.06 
This circuit is extremely temperature sensi- * = 
tive because of the variation in both Rgy = 0.05 
and quiesent collector current. The stability 20 % 0.04 
factor is extremely high, but variations in } 7 
the base to emitter impedance will not be °o Y 0.03 
important because of the high source | g 
impedance of the photodiode. ~ 10 w 0.02 
= 0.01 
7 
> 
° < 0.00 
0.350 0.400 0.500 0.600 0.7 0.1 1.0 10 100 
A — WAVELENGTH-MICRONS f — FREQUENCY OF LIGHT SOURCE — KC 
Fig Vb Collector current vs wavelength Fig Ve Average ac collector voltage vs 
frequency of light source 
equipment on opposite sides of the _ 
area to be monitored. The transmitter 
and detector can be located together < 90 General Characteristics 
at any position such that the range is - es at Room Temperature: 
within the sensitivity of the equipment 1) Dark impedance, Rey ~ 1 meg. ohm 
and the transmitted and_ received Z 70 2) The canitenh one 2 x 10° cece 
beams are not obstructed. 5 60 3) A sae eer a 
aaa : a pproximate sensitivity, K <= R, ~ 5x 
Background objects can be dis F as 10° empeftanbcundian 
criminated against by using a narrow- 4) Peak r ne es eh ed 
beam optical system and orienting the 40 ping requency, Am ~ 0.8 to 1.0 mi- 
detector with respect to the transmit- “~ oe re . eee 
ter so that only reflected beams from sy ee ee ee ee 
, 3 . ! small signal transistor with an opening 
objects in the precise range of the area al 20 on the top and two leads instead of three 
to be monitored will be detected. 10 on the bottom. 
Another advantage of an infrared 6) Equivalent circuit: same as Table III 
at system is its insensitivity to environ- af a. 4 but with different sensitivity. 
rt ff 0 30 40 50 60 7 
f a £ th q ° 7) Typical circuit: same as Table IV. 
o illustrate some of the major de- 
“ . + ate anny ILLUMINATION — FOOTCANDLES 
) sign considerations in development of 
. an industrial photoelectric detection Fig Ve Collector current vs illumination 
7 system we asked Infrared Industries 
GN JULY 1961 51 
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Inc. to describe the design of their 
Infrabeam unit, (also marketed by 
Cramer Controls Corp.) pointing out 
factors that influenced selection or de- 
sign of components. Here is the de- 
scription as told to us by Ernest 
Bivans, Technical Director of Infrared 
Ind., Ine. 

Infrabeam is an example of a dis- 
continuous detection system that uses 
filters to restrict radiation to infrared 
and a narrow beam optical system in 
the transmitter and detector to re- 
strict sensitivity to small target areas. 


Transmitter 


The transmitter consists of a tung- 
sten filament light bulb and a rather 
simple, but efficient optical system. 
The tungsten bulb was selected be- 








TABLE VI 


BUYERS GUIDE FOR 
SEMICONDUCTOR PHOTOELECTRIC DETECTORS 


Amperex Electronics Corp. 
230 Duffy Ave., Hicksville, N. Y. 


Clairex Corp. 
19 West 26th St., N. Y., N. Y. 


Eastman Kodak 
Rochester, N. Y. 


Electronic Transistors Corp. 
92-26 Hudson Bivd., N. Bergen, N. J. 


General Transistor Corp. 
91-27 138th Pl., Jamaica, N. Y. 


Hoffman Electronics Corp., 
Semicon. Div. 
1001 N. Arden Dr., El Monte, Calif. 


Hughes Semiconductor 
500 Superior Ave., Newport Beach, 
Calif. 


Industro Transistor Corp. 
35-10 36th Ave., Long Island City, 
N. Y. 


International Rectifier Corp. 
1521 E. Grand Ave., El Segundo, 
Calif. 


Nucleonic Prods. Co. 
1601 Grande Vista Ave., L. A., Calif. 


Philco Corp., Lansdale Div. 
500 Church Rd., Lexington, Mass. 


Semi-Elements, Inc. 
Saxonburg Blvd., Saxonburg, Pa. 


Syntron Co. 
264 Lexington, Homer City, Pa. 


Texas Instruments 
6000 Lemmon Ave., Dallas, Texas 


U. S. Transistor Corp. 
149 Eileen Way, Syosset, N. Y. 


cause of its small size, availability, low 
cost, and long life. A narrow beam 
optical system requires a small source 
operating at relatively high tempera- 


Equip.) 





81 Spring St., N. Y., N. Y. 


International Electronics Corp. (Mullard 


Vickers, Inc., Electric Prods. Div. 
1825 Locust St., St. Louis, Mo. 








ture; marketing considerations de- 




















| believe they 
do have a point! 


ntroducing an alligator clip 
with a “microscopic tip”! 


the MuclteMIGRO-GATOR aie 





INSULATORS SOLD SEPARATELY. (Standard Red and 
Black colors. White, Blue, Yellow and Green also available.) 


FREE SAMPLE of clip and insulator, 


on request to factory 
Muller Eloctriiclo 
© 


1554W East 31st Street, Cleveland 14, Ohio 
CIRCLE NO. 37 ON INQUIRY CARD 
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Formulas 
Applications 
Engineering Data 
Screw Torque Data 


PA S turTEvan’ lala ek 


ADDISON i.Linois General Principles 


SENT UPON REQUEST 


Manufacturers of over 85% of the torque wrenches used in industry 


CIRCLE NO. 38 ON INQUIRY CARD 
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and low cost, availability and long 
fe. The transmitter is designed to 
operate the tungsten bulb at reduced 
oltage, which assures longer bulb life 
without severely reducing the infrared 
ower generated. Since the bulb is 
sed in an optical system, the filament 
as to be accurately positioned so that 
vhen it is changed, refocusing or 
e-alignment of the system is not nec- 
essary. Tungsten bulbs with coiled 
filament similar to those used in auto- 
mobile headlights meet these specifi- 
cations. They have various indexing 
arrangements on the base so that they 
can be accurately positioned. Infra- 
beam uses such a bulb with a spheri- 
cal reflector of about two-inch diam- 
eter. A two-inch diameter columnat- 
ing lens in front of the bulb provides 
a narrow beam of about two degrees 
spread as measured to the half power 
point. 

Gas discharge tubes, such as xenon, 
argon or neon, were rejected as the 
source because, although they have 
higher efficiency in the infrared region 
than tungsten, they are not as reliable. 
Other types of sources, such as black 
bodies, were rejected because they are 
too expensive. 

To insure that the receiver will be 
relatively insensitive to background 
radiation, the transmitter beam is 


- a jbo 


modulated at a frequency around 450 
cycles a second. The higher the fre- 
quency, the easier it is to build filters 
and amplifier circuits, and the easier 
it is to discriminate against harmonics 
of the 60 cycle radiations generated in 
fluorescent and mercury vapor lamps 
as well as tungsten lamps. Infrabeam 
uses a frequency of 450 cycles be- 
cause it is not a multiple of 60 cycles 
and is midway between the 420 and 
the 480 cycle components. 

Chopping is done with a small syn- 
chronous motor operating at 1800 rpm 
and driving a six-inch diameter disk 
that has the appropriate number of 
holes drilled into it. The chopper also 
includes an infrared filter over the 
face of the optical system to exclude 
visible radiation. Concealing the 
source of the radiation has advantages 
for applications where hiding the pres- 
ence of a detection system is desired. 


Receiver 


Design of the receiver was based on 
calculations indicating that the sensi- 
tivity of a lead sulphide infrared de- 
tector would be adequate and that 
signal-to-noise ratio would not be a 
problem if a moderate-size optical 
system were used. A standard Infrared 
Industries’ detector of approximately 


0.020 by 0.020 inches and a reflective 
type optical system with a three-inch 
diameter parabola were selected. With 
this parabola, which has an F number 
of about 0.3, the actual image formed 
is not very good, but where the pur- 
pose of the system is to collect infra- 
red energy and not to produce a pic- 
ture, good image quality is not 
needed. 

Signal-to-noise ratio of the receiver 
is more than adequate to pick up in- 
frared reflections from a small target 
at a distance of 15 feet. Although this 
signal-to-noise ratio is very good, the 
actual signal levels are moderately 
small — in the millivolt region. A fair 
amount of amplification is therefore 
needed to bring the signal level up to 
where it can operate a relay. A modi- 
fied Schmidt trigger circuit is used in 
the output of the amplifier to generate 
hysteresis in the trigger circuit so that 
the relay doesn’t chatter as the signal 
starts to become marginal. 

An infrared filter is included in the 
receiver optical system to reduce radi- 
ation from daylight, tungsten lights 
and fluorescent lights thus making the 
unit insensitive to background radia- 
tion. Without an infrared filter the 
unit could not be operated in a room 
with more than 100 ft-candle bright- 
ness level. 
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FROM ONE SOURCE! 
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Picture of 
Your Operations in Color. 

% Facts at a Glance—Saves 
Time and Prevents Errors. 

% A Simple, Flexible Tool—Eas- 
ily Adapted to Your Needs. 


You Get Things Done Better 
By Seeing What's Happening 
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BOARDMASTER VISUAL CONTROL 


%& Easy to Use. Type or Write 
on Cards, Snap on Board. 

% Ideal for Production, Sched- 
uling, Sales, Inventory, Etc. 

3% Compact, Attractive. Made 
of Metal. 500,000 in Use. 


Complete Price $4950 Including Cards 


24-Page ILLUSTRATED BOOKLET AK-30 
Without Obligation 


GRAPHIC SYSTEMS, Yanceyville, North Carolina 
CIRCLE NO. 40 ON INQUIRY CARD 
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In addition to preventing spurious 
light signals and external light sources 
from actuating the unit, the filter also 
prevents high intensity illumination 
from reducing the sensitivity of the 
unit. (Saturating the detector makes 
it unresponsive to any but very large 
signals. ) 

Since high-quality interference-type 
filters, such as germanium and silicon, 
are far too expensive for use in com- 
mercial contro] units, Infrared Indus- 
tries selected an inexpensive, three- 
layer-plastic laminated, long-pass filter 
that will pass all infrared radiation 
beyond a minimum wave length. Its 
cutoff frequency is about 0.8 microns 
which is just at the edge of the visible 
region. If one of these filters is held 
up to a very bright light such as the 
sun, a slight amount of light will pass 
through it. It is not completely opaque 
in the visible range but its attenuation 
is very high. eee 


WORTH FILING 





Self-Locking Fasteners 


64 page design manual scrutinizes re- 
duced dimension, lightweight types of 
self-locking fasteners. It provides the 
design engineer with a concentrated 
package of nut shapes useful in as- 
semblies intended for avionic and 
electronic end use. Special emphasis 
is given to clinch types of nuts includ- 
ing a new “floating” type of bind fast- 
ener and two new right angle bracket 
nuts suitable for panel and cover as- 
semblies. Instructions tell “how to 
install” clinch nuts; available tools and 
production methods are illustrated. 

For Your Copy: Write No. 810 on Inquiry Card 


Source: Elastic Stop Nut Corp. of America 
Union, N. J. 


Electron Tubes 


Do’s and don’t’s of tube applications 
are reviewed in a 58-page booklet, 
“Electron Tube Application Notes”. 
Most of the techniques described re- 
late to equipment reliability. 
Source: Sylvania Electric Prods. Inc. 
New York, N. Y. 
For your copy: Write No. 820 on Inquiry Card 


Tunnel Diodes 


General Electric’s 96-page book on 
how to use tunnel diodes follows the 
pattern set by their widely used Tran 
sistor Manual. Application informa 
tion is divided into four different 
chapters. In addition the manual con- 
tains chapters on tunnel diode ratings 
and characteristics and test circuits. 
Price: $1.00. 
Order your copy from: 

General Electric Co. 

Kelley Building 

Liverpool, N. Y. 


Tables and Formulae 


Valuable engineering information in a 
handy form, a booklet, “Tables and 
Formulae”, contains tables of weights 
and measures, math symbols and con- 
stants, the Greek alphabet, tempera- 
ture conversions, binary numbers, 
powers of numbers, electrical formu- 
lae, the fundamentals of Boolean al- 
gebra and other handy data. 


Source: Automatic Electric Co. 
Northlake, Ill. 
For Your Copy: Write No. 806 on Inquiry Card 





One eye sees... 


ag 


better than two 


OPTEL HLS-20 Photoelectric Pick-up 


One single package includes lamp, power supply, 
transistor amplifier, and photocell. Light travels out 
and back through one lens on one beam path. Plug 
into line current and you're set up for speed meas- 








urements, linear or rotational, to 100 KC. No more 


alignment problems, no magnetic interference or 
weighting of shafts with gears. HLS-20 works from 
light-dark contrasts or reflecting tapes to produce 


reliable results on your electronic counter, 


Proof? Write to 


Presin Company, inc. 


2014 Broadway, Santa Monica, Calit. 
CIRCLE NO. 41 ON INQUIRY CARD 
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FOR YOUR AIR-MOVING NEEDS! 


MOTOR-BLOWER 
ASSEMBLIES 





STOCKED FROM 4 TO 150 CFM 


Wr RIPLEY COMPANY INC. 


MIDDLETOWN, 


CONNECTICUT 
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New Components For 
Electromechanical Systems 


Low Leakage Diode 


Fast switching, low leakage silicon 
diode, IN658A has a maximum reverse 
current of 0.025 microamps at 25°C. 
Maximum reverse recovery is 0.3 mi- 
crosec, peak inverse voltage is 120v 
and power dissipation is 200mw. 1N- 
658A will pass the complete electrical 
specs for 24 EIA types. The diode is 
hermetically sealed in a subminiature 
glass package and is tested per Mark X, 
master test specification for high re- 
liability silicon diodes. Rheem Semi- 
conductor Corp., Mountain View, Calif. 
Write No. 328 in Box on Inquiry Card 


Transistor & Diode Radiators 


Head radiators, specially designed for 
high-powered transistors and diodes, 
dissipate up to 200 and higher wattages 
while approaching the efficiency of an 
infinite heat sink. Radiators also func- 
tion as a chassis to which the compo- 


nents can be mounted. Width: 414”; 
lengths available in 14” increments to 
12 ft. Birtcher Corp., Monterey, Calif. 


Write No. 530 in Box on Inquiry Card 


Operational DC Amplifier 


Chopper stabilized dc amplifiers with 
high gain maintained over a wide band, 
are ideal in analog computation and 
control system applications that de- 
mand precision at high speed. Output: 
+100 volts with a 10K load; it oper- 
ates at 75 ma positive output and 
pulses to 200 ma. Output short-circuits 
without damage. A gain of 125,000 is 
available from 5 to 500 cps, and 10° 
at de. American Brake Shoe Co., Los 
Angeles, Calif. 
Write No. 458 in Box on Inquiry Card 


Solid State Inverter 


A de to ac inverter, for air and space 
vehicle applications, weighs 3.7 lbs 
consuming less than 65 cu in of space. 
An unusual thermal design uses the 
connection cable as a heat sink by 
mounting the power transistors directly 
on the ingnabcostpat plug. Inverter’s 
input ranges from 22 to 32 vde; maxi- 
mum input current 5.5 amps. Magnetic 
Research Corp., Hawthorne, Calif. 
Write No. 409 in Box on Inquiry Card 


Mesa Diodes 


Silicon micro mesa diodes have reverse 
recoveries as fast as 2 nanoseconds and 
capacitances of 2upf. Eleven types 
include electrical equivalents of EIA 
types of IN904 through IN916. Reli- 
ability is said to be equal to or greater 
than conventional diodes. Pacific Semi- 
conductors, Inc., Hawthorne, Calif. 
Write No. 373 in Box on Inquiry Card 


Delay Timer 


Time delay relay unit is said to be the 
only available timer that will time in 
both directions, at different rates of time 
using the same motor. One clutch 
mechanism allows this minimum-main- 
tenance timer to be reset from zero 
instantaneously. Special adjustable load 
pointer can be set between certain time 
limits allowing the relay to control an 
outside circuit. This permits the load 
switch, turned on at a predetermined 
time, to stay on until the timer is either 
reset or returns by the pointer under 
power. The timer automatically shuts 
off on reaching maximum time or upon 
reaching zero. Unit operates on 115 v 
ac and contains its own de power sup- 
ply. All environmental tests have been 
met for military use. McElroy Electron- 
ic Corp., Littleton, Mass. 
Write No. 520 in Box on Inquiry Card 





OIL-TIGHT and DUST-TIGHT 










your specifications. 
SINGLE DOOR, WALL MOUNTED UNITS 


Oil-tight and dust-tight single door units offer same rigid, 
welded, sheet steel construction. No holes, no knockouts. 
Gasketed clamp-door seals tight. Removable instrument 
Twenty standard stock sizes ranging from 
16”x12"x6” to 60”x36"’x8". White enamel interior; gray 
prime coat exterior. Units are ideal for purged or pres- 
surized systems in dust-laden or 


panel. 


flammable atmospheres. 


ENGINEERING CORPORATION 


Dept. EMD-101, ANOKA, MINNESOTA, Phone: HArrison 1-2240 
CIRCLE NO. 43 ON INQUIRY CARD 
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TWO DOOR, FLOOR MOUNTED ENCLOSURES 4 
These welded sheet steel units are strong, rigid and especially designed 
to protect electrical controls from dust, dirt, oil and water. No holes, 
no leakage points. Doors are completely gasketed to make tight seal. 
Special construction eliminates center post—simplifies removal of 
instrument panel. Interior finished in baked white enamel, exterior has 
gray prime coat. Ten standard sizes from 54” x 42” x 8” to 72” x 72” x 12", 
immediately available from stock. Or we can build to 
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“SMALL ZINC ALLOY 


ows DIE CASTING” 
Fact-filled booklet 
contains helpful de- 


s gner’s check list, ex- 
clusive GRC methods 
to help you create 
new products at sub- 
stantial savings. 





=e 





GRC’‘s unique high speed, 
give you high quality, 


methods 
uniformly accurate small 
parts in die cast zinc alloy or molded Delrin, 
Nylon and other engineering thermoplastics . . . 
at low cost. GRC experience and exclusive 
techniques open the way to new design free- 
dom, new production and assembly shortcuts. 
Write, wire, phone NOW for samples and de- 
tailed bulletins. Send prints for prompt quotation. 


i. 


automated 


NO MINIMUM SIZE! Maximum sizes: 
Zine Alloy—2” long, V2 oz. 
Plastic—1¥4“"’ long, .03 oz. 





World’s Foremost Producer of Small Die Castings 


119 Beechwood Avenue, New Rochelle, New York @ NEw Rochelle 3-8600 
CIRCLE NO. 44 ON INQUIRY CARD 
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book 


Instrument Servo Motors 
Precision Potentiometers 
Electromagnetic and 
Potentiometer Transducers 


Environmental Testing 
Sensitive Relays 

Connectors and Fasteners 
Analog-Digital Converters 
Electromechanical Switches 
Fractional Horsepower Motors 


An indispensable sourcebook of design 
information. First published in ELEC- 
TROMECHANICAL DESIGN and 
now collected in one easy-to-consult 
volume. Puts at your fingertips com- 
plete surveys of each of the categories 
listed above. Easily worth twice the 
price — $7.00. Get your copy now. 


asojoue | 
ew puas eseajg 


“SSVW ‘9 ANITNOONS @ GVON AIYOD Z91 
0} Aepoy je pue dip 


NOISAC IVIOINVHOAWOULIA IS 


*Adod sad OO'Z$ Je JUaWAed 
‘I ‘ON yOoqpueyH jo saidoo 














56 








NEW COMPONENTS 





Snap-In Connectors 


Maintaining electrical properties at 
high temperatures in the order of 
500°F., rugged, rectangular-type con- 
nectors snap-in, snap-out without the 
use of special tools, and inserts and 
mates with a hand force of only 7 Ibs. 
Contacts can be disconnected with a 
hand-pull of 20 Ibs. minimum. Phos- 
phor-bronze contacts meet or exceed 
Mil-C-26636, are mounted in beryllium 
copper sleeves, and are completely in- 
terchangeable to provide greater keying 
possibilities in addition to standard 
polarization. Contact surfaces are gold 
over silver or nickel. U. S. Compo- 
nents, New York, N.Y. 


Write No. 315 in Box on Inquiry Card 


Micro Relay 


Meeting all the requirements of Mil-R- 
5757D, a 4 pole double throw relay, the 
Astrorelay, is contained in a \% oz. 
package. Standard units withstand vi- 
brations of 30 G’s 10-5000 cps: 40 G’s 
10-2000 cus. Special versions are im- 
mune to 50 G’s 10-5000 cps. The relay 
will operate over a —65 to +125°C 
micro relay with a pull in power of ap- 
proximately 250 milliwatts. Kurman 
Electric Co., Brooklyn, N. Y. 


Write No. 357 in Box on Inquiry Card 


Jet Pump Motor 


No motor assembly required with a jet 
pump motor designed for complete in- 
tegration with the pump it drives. The 
“uni-built” motor uses part of pump 
housing in place of conventional motor 
end frame. Throughbolts secure motor 
to pump. Rated 14-1 hp, 3600 rpm, 
single or 3-phase, the pump motor fea- 
tures an enclosed capsule _ starting 
switch. A. O. Smith Corp., Tipp City, 
Ohio. 


Write No. 438 in Box on Inquiry Card 


Microminiature Silicon Diodes 


Designed as a computer core driver, 
microminiaturized silicon diodes at 
25°C, are characterized by a stored 
charge of 25mm C/mA, forward volt- 
age drop of 1.5 v at 4 amp and 6 
micro sec recovery time. Units ex- 
hibited excellent moisture integrity un- 
der exhaustive tests and achieved reli- 


ability histories substantially _ better 
than conventional-size diodes. Pacific 
Semiconductors, Inc., Hawthorne, 


Calif. 
Write No. 545 in Box on Inquiry Card 


Subminiature Thyratron 


Consuming no power at standby and 
triggered by 95 v dc, a subminiature 
thyratron tube specially suits applica- 
tions in timers, electronic relays, 
counters, overvoltage protection cir- 
cuits and wherever a miniature clipper 
tube is required. The tube, a size T2 
glass bulb triode with a cold cathode, 
operates on an anode supply of 200 yv 
de at a resistance of 30K ohms. Trans- 
fer current: 0.5 ma dc, maximum aver- 
age. Electronic Industries, Inc., So. 
Norwalk, Conn. 


Write No. 544 in Box on Inquiry Card 


24 Slot Stator Motor 


A series of 3” induction motors, with 
24 slot stators, achieves smoother more 
constant torque and quietness than 
units with the conventional 16. slot 
stators. HP ratings go up to 1/20 for 
4-pole units: to 1/10 for 2-pole units. 
Howard engineers achieved their pro- 
posed objective to make competitively 
priced motors so designed that several 
different motors of the series could be 
made to meet specific requirements 
using standard mass-produced parts 
with a minimum of special tooling. 
Howard Industries, Inc., Racine, Wisc. 
Write No. 546 in Box on Inquiry Card 


Voltage Regulators 


Virtually any voltage regulator spec 
required by designers is incorporated 
in newly-engineered regulators, thus 
offering a “design-it-yourself” approach 
to magnetic regulators. Line voltage, 
filament voltage, and power supply 
regulators are available with any of 31 
output voltages ranging from 2.5 to 
1,055 v rms. They have up to three 
secondary windings with a total output 
rating of 10 to 10,000 VA and operate 


in ambient temperatures ranging from 


—10 to +40°C. Raytheon Co., Wal- 
tham, Mass. 
Write No. 548 in Box on Inquiry Card 


Precise Servo Indicator 


With guaranteed repeatability of 30 
sec, accuracy +6 min and slow speed 
9° per sec, new servo units indicate re- 
mote shaft positions of 400 cps syn- 
chros, resolvers or potentiometers. 
Readout, numerically displayed in de- 
grees and minutes, reads to 30 sec. 
Astrodyne, Inc., Caldwell, N.J. 
Write No. 533 in Box on Inquiry Card 
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tual Blowers 


incorporating sealed ball bearings that 
require no maintenance, new, light 
eight, dual blowers generate a total 
free air delivery of 150 cfm; at 0.4 
static pressure, they deliver 90 cfm. 
\imensions of motor and blowers as- 
sembly is 734” width, 63@” top to bot- 
tom. Particularly recommended as a 
rack blower, they disperse heat gen- 
erated by electronic equipment, induc- 
tion heaters, instrument cabinets and 
transmitter cubicles. Ripley Co., Inc., 
Middletown, Conn. 
Write No. 444 in Box on Inquiry Card 


DC Converter 


Ideal for multi-channel frequency to 
de conversion from turbine type flow 
sensors, tachometers and other fre- 
quency output transducers new dec con- 
verters achieve linearity of 0.1%. Three 
outputs are provided simultaneously: 
0-5v de; amplified pulse; and direct 
reading indicator on front panel. Input 
frequency range varies from 5 to 3200 
cps in 6 overlapping steps which indi- 
vidually adjust over a 2:1 range; input 
amplitude varies from 5 mv to 100 
volts without affecting output. Waugh 
Engineering Co., Van Nuys, Calif. 
Write No. 468 in Box on Inquiry Card 


Coax Connector 


Instantly engaging or releasing with 
only a slight movement of the locking 
device, a quick-disconnect coaxial con- 
nector, said to be one of the smallest 
ever manufactured, measures 14” x 
134” and weighs 5 grams. Captured 
bayonet locking mechanism is positive 
acting and will withstand extreme vi- 
bration without damage or separation. 
When mated, the sub-miniature con- 
nector will resist a sustained force of 
over 45 Ibs. Nu-Line Industries, Inc., 
Minneapolis, Minn. 
Write No. 352 in Box on Inquiry Card 


Electronic Counter 


Claimed to have the only directly 
coupled in-line readout axailable in 10 
megacycle counters, a new unit con- 
tains a true decade system which makes 
binary conversion unnecessary. Use of 
beam switching tubes results in mini- 
mum maintenance and down time. 
Time base stability of one part in 10° 
per day, count-down time base dividers 
and self-contained provisions for addi- 
tional plug-in heads give the units 
broad capabilities for sophisticated ap- 
plications. Lavoie Laboratories, Inc., 
Morganville, N. J. 
Write No. 329 in Box on Inquiry Card 


Transistor Retaining Clips 


Spring clips for socket mounted TO-5 
and TO-9 series transistors comply with 
military requirements for retention of 
plug-in devices. The clips provide a 
positive spring pressure retention on 
the transistor case top and easy access 
for service. Mounting is accomplished 
by means of the screw or rivet which 
attaches the transistor socket to the 
chassis. A locking tab on the clip 
positions it and prevents twisting. 
Mounting height dimensions of 13/64- 
in. and 21/64-in. are available. Mate- 
rial is beryllium copper per QQ-C-533 
with a silver plate finish.. The Birtcher 
Corp., Monterey Park, Calif. 
Write No. 338 in Box on Inquiry Card 


Switching Transistor 


Incorporating their avalanche mode 
silicon transistor in a microwave strip 
transmission line, Raytheon engineers 
demonstrated a switch that turns off or 
on in less than one millimicrosecond. 
The switch, utilizing a reflection tech- 
nique, produces a clean rectangular 
pulse. Immediate applications include 
pulse generators and other instrumenta- 
tion circuitry. Raytheon Co., Waltham, 
Mass. 
Write No. 477 in Box on Inquiry Card 
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200 amp 


ROTARY SNAP SWITCH type 











Positive snap action. 
Up to eight poles. 
Shorting or non-shorting. 
Unlimited or 
limited rotation. 
Three mounting 
styles. 
© Tested 

to your 
specifications 


Write for 
catalog. 


Style | 4. 


ype 
10 ampere switch 
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Style I! mounting 
Type P 
200 ampere switch 


foto Mm’, 4a Ai keleha. | 


TRO SWITCH CORP 


Massachusetts | 





One S.P.D.T. 


| trip at speeds 


OVERSPEED 


switch to 


350 and 6,000 RPM. 


RPM, 
OVER 
UNDERSPEED INTERMEDIATE 
One S.P.D.T. switch to AND UNDERSPEED 


trip at speeds as low as 
250 RPM. Maximum op- 
erating speed 5,000 RPM. 


EXPLOSION PROOF AVAILABLE 


The switches listed above are available with explosion 
proof containers that meet all of the specifications of 
Class 1, Group D, explosion proof equipment. 


For further information ark for 


1 to 6 ELEMENT 


SWITCHES 


OVER AND 

UNDERSPEEDS 
Two S.P.D.T. switches to 
trip at two different speeds 
between 300 and 6,000 




















between 


Six S.P.D.T. switches to trip 
at six different speeds be- 
tween 300 and 6,000 RPM. 


Bulletin 604 


SYNCHRO-START PRODUCTS, INC. 


8151 N. RIDGEWAY AVE., SKOKIE, ILL. 
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NEW COMPONENTS 





Thermoelectric Generators 


Four thermoelectric generators, in rat- 
ings of 5, 10, 50 and 100 watts, are 
typical of the range of devices that can 
be produced to special order. Units 
are completely static and are ideally 
suited for applications in remote loca- 
tions. Uses include valve control and 
powering microwave relay equipment 
in industrial applications. Units can be 
designed to combine the use of any 
type of fuel and any type of cooling 
medium. Gasoline, propane or natural 
gas are typical fuels, while forced air, 
water, or natural convection could be 
used for cooling. Depending on the 
application and the type of fuel used, 
the generators operate at core tempera- 
tures between 300° and 600°C. All 
electrical contacts between pellets are 
either soldered or brazed; the units are 
free from pressure bonded contacts 
which are subject to oxidation and de- 
terioration of subsequent generator per- 
formance. The generators basically have 
low voltage, high current dc outputs. 
However, a variety of static inverters or 
converters can be supplied to provide 
a de or ac output rating. Westinghouse 
Electric Corp., Pittsburgh, Pa. 
Write No. 372 in Box on Inquiry Card 





Sub-Miniature Circuit Breaker 


About the size of a matchbox, and 
weighing only 114 oz. a hydraulic-mag- 
netic circuit breaker is said to be the 
first of this type to be priced for com- 
mercial applications. It is a commercial 
version of a military model. The break- 
er incorporates shock and vibration-re- 
sistant features that make it suitable for 
use in airborne, portable and mobile 
equipment. Heinemann Electric Co., 
Trenton, N.]J. 
Write No. 302 in Box on Inquiry Card 


Sequencing Switch 


Designed to exceed 50,000 cycles min, 
a versatile, hermetically sealed,  se- 
quencing switch is compact, light, ac- 
curate and sensitive. Units meet or 
exceed Mil-E-527, Mil-I-6181, Mil- 
5026, and Mil-S-901. They serve 
wherever rotary motion must be trans- 
mitted to circuit control. The operation 
shaft has a male serrated shaft with 
female section to accept male section 
for ganging in multiple sequencing. 
They can be mounted by bolts or studs 
with torques up to 40 in-lbs without 
causing distortion or malfunction of 
switch mechanism. Acme Machine 
Works, Hawthorne, Calif. 
Write No. 365 in Box on Inquiry Card 





WANT BETTER MOTORS 
FOR YOUR PRODUCTS? : 


Phase Shifting Transducers 


Designed with a size 15 synchro mount: 
ing, transducers provide a wide range 
of critically accurate measuring and in- 
dicating functions when used at high 
frequencies. Units generate continuous 
time delays or phase variations directly 
proportional to shaft rotation. Fur- 
nished as a complete phase-shifting 
system, the units are said to obtain 
greater accuracy, stability, and operat- 
ing speeds than conventional resolvers. 
Function as a generator, frequency 
changer or multiple wave phase-shifter, 
and in frequency response testing of 
feedback control systems. Nilsen Mfg. 
Co., Haines City, Fla. 
Write No. 304 in Box on Inquiry Card 


Variable Speed Drive 


Providing infinitely variable output 
speeds in each of four different trans- 
mission ratios, a speed drive obtains 
every rpm between 180 and 1800 when 
utilized with an 1800 rpm motor; be- 
tween 120 and 1200 with a 1200 rpm 
motor. The four speed transmission is 
said to result in three times greater 
torque at the low speed than in any 
comparable friction type unit. Lima 
Elec. Motor Co., Inc., Lima, Ohio. 
Write No. 397 in Box on Inquiry Card 




















Carter also offers 
a line of 45 
miniature Motors 
and gearmotors 
1/1000 to 1/10 hp. 


requirements. 











2798 W. George Street + Phone J 








1/35 to 1/10 hp. 


Then switch to Carter 


Interchangeable with competitive types. Exclusive performance 
features include longer brush life, instrument quality ball bearings 
in steel sleeved housings, highest quality die-cast construction. 


6 to 220v. Series Models . . 
6 to 115v. DC Shunt Models 


As your specialty motor source, there 
are no restrictions on modifications, no 
long delivery, no minimum orders . . . 
just friendly, personal attention to your 


WRITE for prices, specifications, 
OEM discounts. 


Use letterhead for special attention. 


Carter Motor Company 


U 8-7700 
large Enough to Serve You, Small Enough to Want to 





Chicago 18, Illinois 
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BODINE MOTORS 
give you 


ADE 


After Delivery Economies 


Your end-costs are lower because: 


® Bodine Motors perform consistently, 
never require field servicing . 

(well, almost never!) 

© Bodine Motors are easy to fit-in . . 

easy to adjust. : 
© You seldom encounter inspection or 

test rejects. 

© Bodine Motors help your product 

earn repeat sales. 


Ask for Bulletin S-2 


ae ae 
fractional /, cag 


Vichnol-i— 


Bodine Electric Company 
2530 West Bradley Place, Chicago 18, Illinois 
CIRCLE NO. 48 ON INQUIRY CARD 
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fransistor Heat Dissipator 


jtaggered arrangement of the vertical 
portions of a heat dissipator for power 
ransistors provides positive cooling by 
adiation and convection. The displaced 
vertical “pickets”, in a forced-air ap- 
plication, provide more air passage- 
ways and induced turbulence for in- 
creased efficiency and rapid carry-off 
heat. The amount of power dissi- 
pated by a typical power transistor 
mounted to a printed circuit board in 
still air can be increased from 3 watts 
to 7 or 8 watts Dissipation may be 
increased to 30 watts by placing the 
transistor in a forced-air movement. 
International Electronic Research 
Corp., Burbank, Calif. 
Write No. 301 in Box on Inquiry Card 


Heat Exchanger 


All aluminum dip-brazed heat exchanger 
with matching Rotron Muffin fan 
offers high heat removal at a fraction of 
the space ordinarily required. Arrange- 
ment of internal fins boosts the heat 
transfer rate by 50% over the non-inner 
finned type. With fluid temperatures in 
in the range of 80°C, the unit dissipates 
approximately 1000 watts of heat. 
Lytron, Inc., Cambridge, Mass. 
Write No. 362 in Box on Inquiry Card 


Digital Components 


Geometrically identical, digital com- 
puter modules measure 0.35 cu in and 
have a frequency response of de to 10 
Mc. They weigh 7.6 gms and operate 
over a temperature range —55 to 
+55°C. A standard 7-pin base design 
permits easy insertion for prototype 
work and programming. Both and/or 
gate and or/and gate designs are in- 
cluded. Cambridge Thermionic Corp., 
Cambridge, Mass. 
Write No. 549 in Box on Inquiry Card 


Thin Stable Capacitors 


Ultra-thin shape of mylar-epoxy dipped 
capacitors enables them to fit into nar- 
row chassis spaces. Units especially 
suit printed circuit and transistor ap- 


plications. A typical 0.01 mfd. unit 
measures 0.525” wide and 0.225” 


thick. At 85°C, capacitance change of 
only 1.5% occurs. Units operate from 
—55 to +100°C without derating; 
to +125°C with 50% voltage derating. 
Power factor: less than 1% at 1 ke and 
25°C. Insulation resistance: 75,000 
megohms minimum at 100 vde, 25°C, 
2 min. Capacitances available: 0.01 
to 0.33 mfd. Hopkins Engineering Co., 
San Fernando, Calif. 
Write No. 526 in Box on Inquiry Card 


Ratchet-Free Stepper Motors 


Thin, quit stepper motor operates on 
low voltage and eliminates mechanical 
ratchets, electrical contacts or com- 
mutators. Having low _ radiated 
magnetic fields and high accuracy, it 
operates with windings continuously 
energized in static condition or pulsed 
at rates up to 2400 steps per minute. 
When one coil is energized in the 
motor, the rotor advances 15° when 
the switch is transferred to the next 
position, energizing the second coil. 
Returning switch to the first position 
again energizes the first coil advancing 
the rotor another 15° and completing 
one pulse cycle. Thus both coils must 
be alternately energized to obtain rota- 
tion; consecutive pulses to one winding, 
only, does not advance the rotor. A. W. 
Haydon Co., Waterbury, Conn. 
Write No. 321 in Box on Inquiry Card 


Hydraulic Transmission 


Continuous duty 10 hp hydraulic trans- 
mission provides infinitely variable 
smooth and constant speeds from 0 to 
1600 rpm. Precise speed selected by 
rotating calibrated hand wheel or by 
remote control. Ball and roller bear- 
ings equipped throughout. Roberts 
Electric Co., Chicago. Il. 
Write No. 421 in Box on Inquiry Card 









ROD END INTERNAL 
THREAD TYPE 
“DREF’’ SERIES 







Self-Aligning 
and 


Self-Lubricating 


SPHERICAL BEARINGS 











ROD END EXTERNAL 
THREAD TYPE 
“DREM” SERIES 





e 8 | 
Combine Monoball: Engineering Advantages with Life-Time Lubrication 


Design engineers in many industries are specifying new “DYFLON”® SELF-ALIGNING and SELF-LUBRICATING SPHERICAL BEARINGS 
for these 5 major reasons: 


1, LOWER COEFFICIENT OF FRICTION 


...ideal where lubrication is impossible or undesirable. 


2. WITHSTAND EXTREME VIBRATION 


... perfect performance under shock load conditions. 


3. WILL NOT “COLD-FLOW” 
...even under extreme load conditions. 


4. IMPERVIOUS TO KNOWN CHEMICAL SOLVENTS 


...eliminates corrosion problems. 


5. FAIL-SAFE ...due to “Monoball”® design. 


Request Engineering manual No. 551. 


SOUTHWEST PRODUCTS 





JULY 1961 


In addition, due to their two-piece ““MONOBALL’’® 


tion problems 


design and plastic alloy insert, ““DYFLON’’® bear- 
ings have a long cycle life. Alignment and installa- 


are minimized. Oil-free for life 


means lowest possible maintenance costs. 


Available in a variety of plain or rod end types. 


Bore sizes to 3.000”. Materials include stainless 


co. 


CIRCLE NO. 49 ON INQUIRY CARD 


steel, plastic alloys and chrome alloy steels. Ulti- 
mate static loads to 500,000 lbs. 


1705 SO. MOUNTAIN AVE. 


MONROVIA, CALIF. - PHONE: MURRAY 1-9616 
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AMPERITE 


Thermostatic DELAY RELAYS 











es 


! 1 
| AM PERITE 


| 


DELAY | 


| 
| RELAY |) 


MH) | 
Only a glass seal 


offers true hermetic sealing 
.. assuring maximum stability and life! 


Delays: 2 to 180 seconds . . . Actuated by a heater, 
they operate on A.C., D.C., or Pulsating Current . . . Being hermetically 
sealed, they are not affected by altitude, moisture, or climate changes 
. . . SPST only—normally open or normally closed . . . Compensated for 
ambient temperature changes from —55° to +80° C. . . . Heaters 
consume approximately 2 W. and may be operated continuously . . . The 
units ore rugged, explosion-proof, long-lived, and—inexpensive! 


TYPES: Standard Radio Octal, and 9-Pin Miniature . . . List Price, $4.00. 
Also — Amperite Differential Relays: Used for automatic overload, 
under-voltage or under-current protection. 











PROBLEM? Send for Bulletin No. TR-81 











‘ 
VOLTAGE OF 24V ' WITH AMPERITE 

BATTERY & CHARGER | VOLTAGE VARIES 
VARIES APPROX 1 ONLY 











30% | 2% | 


Hermetically sealed, they are not affected by changes in altitude, 
ambient temperature (—50° to +-70° C.), or humidity . . . Rugged, 





light, compact, most inexpensive List Price, $3.00. 





Write for 4-page Technical Bulletin No. AB-51 


a 


961 Broadway, New York 12,N. Y.... CAnal 6-1446 
In Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10 
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NEW COMPONENTS 





Shaft Encoders 


Eliminating ambiguity through use of precision detented 
indexing, Guidance Controls Corp. has developed sizes 20 
and 30 analog/digital encoders for translating a rotary 
shaft position to a coded digital output for tape storage 
or direct insertion into digital computers. Provisions have 
also been made for visual read-out of shaft position by 
means of a dial mounted on the face of the housing with 
a pointer attached to the encoder shaft. In this manner 
the detented encoder functions as an end-input positioner 
for use in automated production lines, process control and 
other applications. Precision detented indexing provides a 
guaranteed non-ambiguous output. Since the brushes and 
code pattern contained on the discs constitute the entire 
reading circuitry, external electronics (other than input 
circuitry) are not required. Guidance Controls Corp., 
Hicksville, N. Y. 
Write No. 305 in Box on Inquiry Card 


Size 5 Brakes and Clutches 


Patent pending “no-creep” design in size 5 clutches and 
brakes guarantees no angular displacement. In addition, 
the use of new materials eliminates loss of torque during 
life; in fact, torque tend to increase. The new units will 
exhibit no torque variation with fluctuating temperature 
up to 125°C. Torques at 28 volts de excitation for the 
clutches are: engaged (minimum) 6.0 oz-in, disengaged 
(maximum) 0.05 oz-in. Brake torque (minimum) is 2.0 
oz-in. Clifton Precision Prods. Co., Drexel Hill, Pa. 
Write No. 308 in Box on Inquiry Card 





MIL 
SPEC 


POTS AT LOW OFF-THE-SHELF 


PRICES—FROM AERO ELECTRONICS 


e Aeropots meet all applicable requirements of 
MIL-R-27208A. 
e Reliable performance guaranteed for well over 
1,000 hours. 
e All welded internal connections. 
e Terminals gold plated for easy soldering. 
e Available for printed circuit, standard and panel 
mounting. 
Aeropots are the best buy in quality trimming poten- 
tiometers. 






Write for technical data and brochure on the complete 


line of advanced design Aeropots. 
1 


<I ED ELECTRONICS CORPORATION 
1739 W. 134th Street « Gardena, Calif. 
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VORTH FILING 





Control Knobs 


Specially-designed slide sule and wall chart provide a 
finger-tip selection of more than 345 styles of control 
knobs. With the slide rule, you can pin-point the exact 
knob for your particular needs simply by setting the re- 
quired specs on the sliding panel and then picking any one 
of the desired styles, indicated by the rule, that satisfy 
the specs. Permanent wall chart offers the same data as 
the selector plus dimensional pictures of each style knob. 
All control knobs meet mil specs. 


Source: Raytheon Co. 
Lexington, Mass. 
For Your Copy: Write No. 800 in Box on Inquiry Card 


Torque-Tension in Fastening 


Twelve tables listing specific recommended installation 
torque values for thin and standard height hex type lock 
nuts are included in an 18 page design manual. It dis- 
cusses factors to be considered in selecting a tightening 
torque and the effects of the use of lubricants. Additional 
data includes tables of tensile stress areas and bolt 
strengths. 

Source: Elastic Stop Nut Corp. of America 


Union N. J. 
For Your Copy: Write No. 801 in Box on Inquiry Card 


Rate and Acceleration Nomograph 


Particularly useful for working with rate gyros and angular 
accelerometers, a nomograph aids in the rapid determina- 
tion of rate and acceleration when the frequency and the 
displacement are known. 


Source: Micro Gee Products, Inc. 
Culver City, Calif. 
For Your Copy: Write No. 802 in Box on Inquiry Card 


Measuring Rotating Power 


How to measure the torque characteristics and speed of 
motors, gear trains, servomechanisms and potentiometers is 
answered in a brochure covering instruments involved with 
these measurements. Torque ranges from 14 gm-cm to 200 
Ib-in. are discussed. Also included are aa for com- 
puting power and efficiency, and methods of using strobo- 
scopes and tachometers for analyzing rotating motion. 


Source: Power linstruments, Inc. 
Skokie, Ill. 
For Your Copy: Write No. 805 in Box on Inquiry Card 


Terminal Insulators 


24-page bulletin includes a description of the insulator 
ceramic, forming techniques used, high temperature met- 
alizing and brazing techniques and inspection. A section is 
also devoted to special metalized assemblies. 4-page sec- 
tion, “How Ceramic-to-Metal Seals are Made,” gives data 
for designing special ceramic and metal assemblies. 
Source: Coors Porcelain Co. 


Denver, Colorado 
For Your Copy: Write No. 807 in Box on Inquiry Card 
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CAN YOU 
READ THIS 
AT 6 FEET? 





ACTUAL SIZE 


Cot Chant Sop Foaebly 
4 2 So Fag 


speciry/ AWW ELAPSED 
TIME INDICATOR MODFIL 1440 


@ DIGITAL READOUT to 9999 hours in one 
hour increments 


® SUBMINIATURE-Only .670 OD; 1.670 L 
FEATHERWEIGHT- Less than 2 ounces 
115 V 400CPS OPERATION 

>» MINIMUM POWER DRAIN 

©® HERMETICALLY SEALED 

® MOUNTS TO ANY PANEL THICKNESS 

® MEETS REQUIREMENTS OF Mil-M-26550 


IMMEDIATE DELIVERY 


IT, 





SEND FOR ETI DATA PAGE 2000-C1 


—— 
INSTRUMENT CORPORATION 
8000 Bluffton Rd., Fort Wayne, Ind. 


FOR CONTROL OF THE FUTURE 
CIRCLE NO. 51 ON INQUIRY CARD 


Bo WMAR 
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WORTH FILING 





Zener Diode 


Four-page bulletin covers zenor diode 
theory, characteristics and applica- 
tions. Typical circuits using zener di- 
odes are shown for: the shunt regula- 
tion of both ac and de voltages, the 
voltage reference element in a tran- 
sistor-controlled regulated power sup- 
ply, the cathode resistor in vacuum 
tube amplifiers, the regulation of vac- 
uum tube heaters, and the suppressed 
zero voltmeter with expanded scale. 
Advice on the use of zener diodes in 
series, as well as in parallel, is in- 
cluded. 


Source: CBS Electronics 
Danvers, Mass. 
For your copy: Write No. 829 on Inquiry Card 


DC Power Supplies 


Catalog of more than 80 models of 
semiconductor de power supplies gives 
detailed performance characteristics in 
current ratings to 100 amperes includ- 
ing wide-range, narrow range, and 
compact half-rack models. There is a 
concise explanation of the program- 
mability feature. Catalog offers suffi- 
cient data to permit incorporation of a 
de power supply into systems directly 
from its pages. 

Source: Electronic Measurements Company, 

Red Bank, Eatontown, N. J. 
For Your Copy: Write No. 813 on Inquiry Card 


Rolling Diaphragms 


Containing 26 pages covering descrip- 
tion, operation, advantages and other 
design data on “friction free” rolling 
diaphragms, a design manual also in- 
cludes a nomograph for fast figuring of 
maximum up or down strokes in piston 
applications. 

Source: Bellofram Corporation 

Burlington, Mass. 
For your copy: Write No. 815 on Inquiry Card 


Power Supply Catalog 


Detailing over 200 power supplies 
plus 1,000,000 combinations of kitted 
modules, 24-page manual includes a 
step by step procedure for calculating 
packaging dimensions for multiple dc 
outputs. Considered are spacing prob- 
lems for modular de power supplies 
under various conditions of ambient 
temperature, external cooling and 
rated current. 


Source: Dressen-Barnes Electronics Corp. 
Pasadena, Calif. 
For your copy: Write No. 811 on Inquiry Card 
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Cross a digital computer with an analog computer and what do you get? Well, 
that’s the key to the performance of Computer Systems’ 5800 Dystac Intera- 
tive Analog Computer. The analog’s speed, lower cost, ease of programming 
and improved output data presentation are combined with the digital com- 
puters unique capacity for data storage and time sharing of components. 
Four of these computers are to be installed at the David Taylor Model Basin 
under a $296,000 contract. According to William Ogletree, Computer Sys- 
tems vice president, the installation will provide rapid, accurate answers to 
the wide range of complex problems encountered in the design, stability and 
control of advanced vessels. Dystac computers will be used to simulate or 
model physical systems electronically. Equipment can then be studied and 
operating characteristics determined without constructing costly prototypes or 
performing long trial-and-error operations. The computer “model” can be 
rebuilt in minutes and tested hundreds of times thus saving costly engineering 
or construction time. High speed repetitive capabilities are combined with 
dynamic storage of analog data to an accuracy of 0.01 percent and a time base 
accuracy of 0.5 microsecond. 

“The forget-me-nots of the angels” are in for a closer view. The Orbiting 
Astronomical Observatory (OAO) Project, according to NASA scientists, will 
provide the greatest advance in astronomy since the development of the 200 
inch reflective telescope at the Mount Palomar Observatory. For the first 
time in history, man will be able to get beyond the earth’s atmosphere to study 
radiation from celestial sources. The orbiting observatory will be used primarily 
to measure ultraviolet radiation from an extraterrestrial source. Each of the 
satellites is expected to be operational for approximately one year. Under an 
initial contract, amounting to slightly over $1 million, Kollsman Instr. Corp. 
will develop and manufacture six star trackers for each of the three space 
vehicles presently planned, plus the associated electronic equipment. The 
company will also make the test equipment required to check out the star 
trackers before launching. The goal of the OAO Project is to provide scientists 
with data on stars and planets presently unavailable due to the effects of the 
earth’s atmosphere. The one and one-half ton space craft is being built by 
Grumman Aircraft Engineering Corp. under a $23 million contract with the 
NASA. The first space craft is scheduled for launching in 1963-1964. 
Research on new methods of encapsulating semiconductor devices will be 
conducted by Motorola’s Semiconductor Prods. Div. under an Air Force con- 
tract totaling $841,500. Motorola will study manufacturing refinement meth- 
ods and applications of advanced surface passivation techniques as applied 
to silicon diodes and silicon mesa transistors. Units will be packaged in 
recently-developed glass materials which completely seal the active region 
from the outside contaminants thus eliminating the need for bulky packages 
now used. Test devices will be subjected to extended reliability verification 
testing and will be evaluated against control samples of similar standard de- 
vices now manufactured by Motorola. Preliminary tests conducted on glass 
encapsulation processes indicate an order of magnitude improvement in elec- 
trical parameters and in reliability. 


BRIEFLY: 


Long range radars: $36,000,000 to G. E.’s HMED, Syracuse, N. Y. 
from the Navy. 

Over $750,000 to Huyck Systems Co., Hunt- 
ington, L. I., N. Y. from Lockheed Airc. Co. 
$900,000 to Scintilla Div. of Bendix, Sidney, N. Y. 
for Polaris. 

$571,200 to Electronics Div. of Bulova Watch 
from Holland. 

Frequency shift converters:$2.3 million to Hoffman Electronics, L. A., Calif. 
from the Navy. 

$3 million to Baird-Atomic, Inc., Cambridge, 
Mass. for Midas. 


Navigational computers: 
Electrical connectors: 
Servo amplifiers: 


Infrared detection: 
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For Your Literature File 


NEW CATALOGS 


Most of these catalogs contain complete specs, mounting configurations 
and other important details associated with the application of the products 
described. For your free copy of the catalogs listed on this page, enter 
the appropriate number of the item on the Inquiry Card. 











Laminated Plastics 952 


First two pages of catalog describe laminated 
plastics and vulcanized fibre in general terms, 
telling how they are made and where they 
can be used, pointing out that more than 
50 grades of laminated plastics are available 
to meet any requirement. Two 2-page tables 
lists the properties and grades of the plastics 
and fibres. (8 pp) Taylor Fibre Co., Norris- 
town, Pa. 


Rotary Switches 967 


Selection chart and a tabulation of parameters 
in brochure are a great aid in choosing a 
high speed rotary switch for telemetering, 
programming, commutating, sampling, multi- 
plexing or a computing application. (6 pp) 
Instrument Development Laboratories, Inc., 
Attleboro, Mass. 


Switches 655 


Description of the applications, materials and 
characteristics of a line of switches is fol- 
lowed by a section instructing the user on a 
“shorthand’’ method of ordering switches of 
various operating characteristics. Some of the 
standard switches listed include: single deck, 
shorting; single deck, non-shorting; multiple 
deck, shorting; multiple deck, non-shorting; 
as well as special switches like miniature 
ceramic switches, sub-miniature switches, pre- 
wired switch assemblies and many more. 
(48 pp). Daven Co., Livingston, N. J. 


Ball Bearings 653 


Self-aligning bearings and rod end bearings 
described in detail in a catalog which covers 
an entire line. Included is a new series of 
“Dyflon” plastic alloy insert, self-lubricated 
bearings which are available in a variety of 
plain or rod end types. Bore sizes are now 
offered up to 6.000”. Ultimate static loads 
up to 4,500,000 Ibs. Materials include stain- 
less steel, plastic alloys and chrome alloy 
steels. (56 pp). Southwest Products Co., 
Monrovia, Calif. 


Power Springs 988 


Flat spiral springs and variations of a new 
spring design include: spiral, crosscurved, stain- 
less and integral band types with and without 
bridle. Applications and specific examples of 
spring problems which have been solved are 
discussed. Booklet also includes reference data 
on spring nomenclature and types of ends and 
centers and lists data required when ordering. 
(12 pp) Sandvik Steel, Inc., Fair Lawn, N. J. 


JULY 1961 


Venturi Valves 658 


The solenoid piloted, remotely actuated ver- 
sion of the valves discussed is devoid of any 
dynamic seals or packing such as o-rings, 
bellows, etc. Leakage to the outside ambient, 
short of osmosis, cannot occur. Inasmuch as 
line pressure itself is used to power the valve 
open or closed, external actuators employing 
auxiliary hydraulic or pneumatic power are 
not required. A manually operated version 
of this valve, recently developed, operates 
by finger flicking a toggle type lever, regard- 
less of valve size or pressure in the line. 
Included in a pamphlet is a chart on the 
characteristics of venturies. This chart applies 
not only to conventional flow through a 
venturi section but encompasses the cavitation 
regime of liquids, cryogenic or conventional. 
Data given such as experimentally determined 
discharge coefficients and diffuser recovery 
efficiencies allows you to design your own 
cavitating venturi and establish flow versus 
pressure drop characteristics. Fox Valve De- 
velopment Co., Inc., Verona, N. J. 


Magnetic Devices 951 


Miniature toroidal transformers, inductors, 
magnetic amplifiers and other magnetic de- 
vices are fully described. Encapsulated and 
hermetically sealed, units meet MIL-E-5272 and 
MIL-T-27A. Circuit diagrams and typical curves 
are among the data given. (20 pp). Arnold 
Magnetics Corp., Los Angeles, Calif. 


Temp Regulating Devices 676 


Temperature regulating devices routinely con- 
trol air or liquid temperatures within a fraction 
of a degree. Catalog treats bimetal and mer- 
cury thermoregulators, heaters, relays, stirrers, 
pumps, and transformers. Devices operate in 
any type container from a mason jar to a lab 
bath to an entire room. American Instrument 
Co., Inc., Silver Spring, Md. 


Servo Motors 969 


Bulletin describing two phase, four pole re- 
versible induction motors, contains three sets 
of speed-torque curves. One shows typical 
performance for four different stator stackings 
when both windings are connected to a 115 
v line. Second shows typical performance for 
four different stator stackings with 115 v on 
the fixed winding and 200 v on the control 
winding. Third shows typical performance of 
a motor with 0.7 in. of stator stacking, with 
115 volts on the fixed winding and 50, 100 
and 200 volts on the control winding. Also 
given are other pertinent motor data. (4 pp) 
Holtzer-Cabot Motor Div., National Pneumatic 
Co., Inc., Boston, Mass. 


Electromagnetic Relays 673 


With most of the information presented in 
charts for ready comparison between relays, 
a catalog describes 42 different relay series. 
They have been divided into 4 major groups: 
telephone type, military, power and general 
purpose. Literature also gives mounting data, 
descriptions of numerous enclosures and infor- 
mation on terminals. (16 pp) Potter & Brum- 
field, Princeton, Ind. 


Variable Phase Standard 675 


With at least +0.05° accuracy, a variable 
phase standard shifts phase between 2 self- 
generated voltages to any angle. It operates 
at any of three fixed frequencies within 150 
to 3000 cps. Unit’s output voltage measures 
50v rms (reference), 0-50v rms (vector). Vec- 
tor output attenuates in steps of 50 mv. Bro- 


chure includes a_ simplified block diagram. 
(4 pp) Gertsch Products, Inc., L. A., Calif. 
Limit Switch 973 


Without physical contact, a new magnet-op- 
erated limit switch accurately detects the posi- 
tion of objects moving in erratic paths. Text 
explains that no arms, levers, rods, shafts or 
slots are necessary with the switch which is 
actuated by passage of a permanent magnet 
near the switch face. (4 pp) General Electric, 
Schenectady, N. Y. 


Thermocouple Selectro Switches 972 


Multi-point switches have temperature checking 
applications, such as: when temperature being 
sensed by a number of thermocouples must be 
checked frequently or switched from on_ in- 
strument to another; when several temperature 
readings are to be averaged; and when meas- 
uring instruments have to be switched to dif- 
ferent measuring points. Described in detail 
are: a rotary switch with 6, 12, or 24 point 
capacity; key switches for up to 144 points; 
and push-button models for up to 72 point op- 
eration. (4 pp) Fred Lange Assocs., N. Y., N. Y. 


Miniature Logic Circuits 974 


Fully encapsulated for complete environmental 
protection and reliability, more than 20 basic 
AND gates, OR gates, emitter followers and 
inverters are designed for  self-compatibility 
and compatibility with other off-the-shelf mod- 
ules. Miniature plug-in units, in the versa- 
tile 9 pin form are avaialble, also diminutive 


type “CM” cartridge configuration, popular 
with airborne and space users. Walkirt Co., 
Inglewood, Calif. 

Fans and Blowers 993 


Special section of catalog covers basic design 
information for ventilating electronic equipment 
using forced-air cooling. Mathematical formulae 
and graphs are provided for solving specific 
problems in the cooling of either solid state 
electronic circuitry or vacuum tube assemblies. 
Performance curves and characteristics of pack- 
aged blowers, propeller fans, single and dual 
centrifugal blowers, and ring fans as well as 
data on special cooling equipment are included. 
(48 pp.) Mclean Engineering Laboratories. 
Princeton, N. J. 
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ELECTRO-MEC 


All our instruments offer you design flexibility and 
long life. 


Step up reliability. 


Step down size of your system. 


POTENTIOMETERS : » complete tine of superprecision linear 


and non-linear potentiometers. Certi- 
fied calibration data, including record- 
ings of output function are supplied 
with each instrument. All AIA sizes from 
RR-O9 to RR-30. 


DIGITOMETERS : Four sizes are available in this shaft angle 


digitalizer, 1.06” to 3.00” Dia. When 
you operate under severe ambient 
conditions, always specify Electro-Mec 
Digitometers. They are designed to 
withstand the rigors of MIL (E) 5272 
environmental tests. 


ROTARY SWITCHES : Our newest product with the same 


built-in reliability you have come to 
expect from Electro-Mec. .875” to 3.00” 
Dia., these Rotary Switches can be sup- 
plied singly or in combination with po- 
tentiometers. Current capacity up to 
250 ma. 











For further information or for data sheets, write or telephone 
our Engineering Department. 


ST-6-3402 Teletype: NY-4-2126 


ELECTRO-MEC DIVISION OF 


WALTHAM PRECISION INSTRUMENT COMPANY INC 


47-51 33 Street — Long Island City 1, N.Y. 
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Choose A Diaphragm Electric Clutch 


for Superior Performance 
Lower /nstalled Cost 
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IL ENERGIZED: Output shaft being turned by drive 
through armature to rotor 


Like most really sound engineering ideas the practical- 
ity and economy of electric clutches and brakes without the 
conventional sliding armature had to be proved in practice. 

Now, a few short years after their introduction, Simplatrol 
electric clutches and brakes have proved that their design, 
based on a flexible diaphragm in the clutch’s armature, does 
do a better job than armature plates sliding on splines, 
pins, or hubs. 

Simplatrol’s armature, a one-piece assembly, deflects to 
perform clutching or braking action. Wear is reduced to van- 
ishing point since there are no sliding parts to contact each 
other; instant performance is achieved without slow release, 
or “hanging up.” 

This Simplatrol diaphragm principle ensures smooth- 
ness, quietness, and consistency. 


Compare the installed cost. 


Simplicity carries through to the installation, reducing 
cost here as well. You simply slip one of the 2 or 3 major 
assemblies onto the shaft — that’s all the assembling you 
do! No pins, no nuts, no washers, no springs to run up 
labor cost. 


Machined parts in the clutches and brakes are of uni- 
form quality. There’s close built-in control of tolerances and 
finishes . . . and the assemblies are pre-burnished! All 
clutches include bearings, machined surfaces and bolt 
holes for direct mounting of your drive unit. 

Simplatrol offers a complete range of diaphragm electric 
clutches from torque of 10 ounce inches to 470 pound feet 
in diameters from 7%” to 1242”. Styles include clutches, 
brakes, clutch-brakes, duplex clutches, and couplings in 
both rotary and fixed field types. 





Ask Simplatrol’s sales engineers 
to demonstrate to you specifi- 
cally how the unique advantages 
of flexible diaphragm perform- 
ance will benefit your 
operation. 


24-9 SALISBURY ST., WORCESTER, MASS. 


Representation in Key Industrial Areas 350-0 


CIRCLE NO. 53 ON INQUIRY CARD 


a 


implatrol products corp. 





65 





Thermal 
switch 
engineering 


ANOTHER “CRITICAL” CONTROL SWITCH FROM CPI RESEARCH 


If you are concerned with measurement of surface temperatures in aircraft 
and airborne electronic equipment in confined spaces, this may be a 
thermal switch you could use. We designed and manufactured it to meet 
exacting specifications of a prominent aircraft manufacturer. 


Chances are your needs may require modifications or even a completely new 
switch. We have always realized that there are few “critical” control 
switches that can be all things to all people. That's why we have the 
research and development engineers who can and do tackle specific problems 
of thermal control. Can we help you solve yours? 
available with various type 


mountings. When inquiring, 


mention “‘button’’ switch. ii 
CONTROL PRODUCTS, INC. 





This new hermetically sealed, 
bi-metal, single or 2-wire 
switch has calibration range 
of -20F to 600F; safe 
momentary overshoot to 800F; 














272 Ridgedcle Avenue, Hanover, N.J. 
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ADVERTISING PRODUCT INDEX. 


Product 


Amplifiers, magnetic 
Amplifiers, servo 
Bearings, ball 
Bearings, spherical 
Blowers 

Bushings, ball 
Bushings, ceramic 


Clips 


Clutches, adjustable slip 


Clutches, diaphragm 


Commutators, telemetering 


Components, digital computer 


Components, magnetic 


Connectors, multiple contact 


Connectors, solderless 
Contacts 


Controls, temperature 


Converters, digital to voltage 


Couplings, flexible 


Couplings, quick-disconnect 


Enclosures, equipment 


Indicators, elapsed time 
Memories, magnetic core 
Mem. syst., Bernoulli Disk 


Motors 

Motors, induction 
Parts, plastic 

Parts, zinc alloy 
Photoelectric pickups 
Plugs, vibration-proof 


Potentiometers 


Potentiometers, metal film 


Potentiometers, 10 turn 
Power Modules 

Power supplies 
Readouts, digital 
Recorders, two-channel 
Regulators, ballast 
Relays 

Relays, sensitive 
Relays, thermostatic 
Resolvers, compensated 
Seals, hermetic 
Sensing elements 
Switches, coaxial 
Switches, rotary 
Switches, rotary snap 
Switches, SPDT 
Switches, stepping 
Switches, tap 
Switches, thermal 
Timers 

Transducers, pressure 
Transformers 
Transistors, epitaxial 
Transistors, switching 
Valves, air 

Valves, solenoid 

Visual Control Boards 
Wrenches, torque 
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new, low cost magnetic memory... 





25,000 bit capacity...5%4" x 534" x 5”...5 pounds 


The BD-10 Series is the 
latest addition to LFE’s 
Ber- 


op yx. ee : 
a = ay 





expanding line of 
noulli Disk Memory Sys- 
tems. It has been designed 
to fill the need for a low 
capacity, low cost stor- 
age device. It is available 
in single units for laboratory use, or in high vol- 
ume production for use with all digital computers 
utilizing magnetic storage media. 


A flexible Mylar magnetic disk, headplate, read 
write heads and a precision motor are the basic 
components. Positive separation between disk and 
headplate is maintained by centrifugal force and 
the Bernoulli principle of fluid motion. The unit’s 
low mass plus a cushion of air make damage to 
disk or read/write heads virtually impossible . . 
even under the most severe environmental condi- 
tions. Write Marketing Manager, Computer Prod- 
ucts Division, for prices and complete data, 





“alia, 
COMPUTER PRODUCTS 
DIVISION 











Storage Capacity (max.) Bits 25,000 
Disk Diameter (max.) inches ee, wr ti ; 
Bits per Track (max.)@144"radus 2,300 
_ Bit Rate — kc 7 . . > Sera ~ 10-500 > 
Track Layout As Required a ~— teri 
Typical: 
Total Tracks: 12 
Data Storage Tracks 4 oz. 
Spare Tracks 7 " 
Clock and Timing Tracks . . | 
Register Tracks ; ‘ 
Number of Registers " 
Register Length — Bits (minimum @ 2,300 B/T) aa 32 
Register Adjustment — Bits . 4 3 a 


Disk Speed — RPM ~6,000-12,000 | 
Induction or Synchronous Motors Available 


Power Source — cps é 400 


Magnetic Heads (Compatible with solid state circuits) 
Standard Heads 








Inductance (Per Leg. —C.T. Coil) uh 40, 55, 90 
Write Current (0, P Manchester) ma (nominal) 125 >. 
__ Read Out (Min. P/P Full Coil)—mv (nominal) 20s 
| Siee—inches 5H X5%XS | 
Weight — Pounds — ao 5 ae | 


1079 COMMONWEALTH AVE. °« 


*Wide variety of specifications can be provided to meet customer's requirements. 


LABORATORY FOR ELECTRONICS, INC. 


BOSTON 15, MASSACHUSETTS 


CIRCLE NO. 56 ON INQUIRY CARD 





in SERVO Amplifion ? 








CPPC’s new 5 watt servo amplifier provides a unique com- 























bination of exceptional stability and miniature size. Built 2 TYPICAL BODE PLOT me 

around a DC amplifier with high frequency cutoff above 30 & + 30- GAIN eHase 

kcps, the SA 5601 provides uniform response over its full Gtr rian . oe 

operating range. With a 10 kn input resistor the SA 5601 a allt mm 

yields a voltage gain of 54 + 1 db from —55° to + 125°C < . re Pa a » 

with all signal levels below saturation, and supply voltage aa eater einem 270° 

of 56 + 3 volts. Idling power is under 1 watt. it -30 a ee ae eee oT 
Designed to drive any size 8, 10 or 11 servo motor with a crs 

26 volt control-phase rating, the SA 5601 is available off LINEARITY ‘ 

the shelf with stud or screw mounting. A regulated supply » ® a 

of the 56 VDC power required for the SA 5601 operating 4 ed 

from 115 V 400 ~ and providing a 26 V AC tap for motor 2 de 

and synchro excitation is available in a similar package. | . wee: 
For information phone or write: Area 215 MAdison 2-1000, - aie 








TWX LNSDWN, Pa. 1122(U)—or our Representatives, 2 40 © 0 ww 26V 


INPUT-MV, (LOKQINPUT RESISTOR) 





CLIFTON PRECISION PRODUCTS CO., INC. Ccppe 


7 : SYSTEMS DIVISION } 
Clifton Heights, Pennsylvania 
CIRCLE NO. 55 ON INQUIRY CARD 








